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PREFACE. 



In submitting a Third Series of * Useful Infonnatioii 
for Engineers ' to the profession and the public, I have 
collected and recorded in the present more accessible 
form, a number of lectures and papers, some of which 
have been published and distributed in the transactions 
of various societies and institutions. Many of these 
refer to works of practical utility : they have cost much 
time and thought; and as some of them involve prin- 
ciples of applied science, I have endeavoured to render 
them more acceptable, in this shape, to the professional 
as well as the general reader. 

In this publication I have endeavoured to follow the 
same course as that pursued in the former series, hoping 
that the contents may be found interesting and useful as 
matter of reference in constructive art. There are, 
moreover, other considerations in ^dew, which may be 
sunmied up in a few remarks on the leading subjects to 
which they refer, and the principles on which the in- 
vestigations and experimental researches are founded. 

On referring to the lectures, it will be seen that they 
are almost exclusively intended for the moral and intel- 
lectual improvement of the Engineer and Artizan. They 
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were written for the exclusive purpose of nidging them 
go forward in a course of mental study and perse verancd 
calculated for attaining that standard of character essentia 
to the growing spirit of the age, and to keep pace wit 
the times in these days of competitive industry , by whicl| 
the manufacturing and commercial enterprise of thf 
country is governed* 

On these points I have dwelt with more than or dinar 
intensity J in order to enforce the necessity of accelerate 
progr^s in all those attainments which bear upon the 
moral and intellectual conditions of our daily pursuits. 

To the lecture on Applied Science I would venture 
direct special attention^ as the object in view is to Impresi 
upon the mind of the student or apprentice the important 
duty of acquiring a knowledge of first principles, and 
the power to apply them ; alsOj to make himself 
quainted with the history of scientific men of the pa 
and present age, and to follow up in his own profession 
the characteristic energy and perseverance which 
tinguished our most successful inventors and men 
science. I have also attempted to show, in the concludJ 
ing words of the lecture^ the importance of a knowledj 
of physical truths* their immense value when success 
fully applied; and the consequent failures which nece 
sarily follow in cases where the combination of firs 
principles in practice is neglected- 

The lecture on the present state of progress in Scienc 
and Art was ^nritten for the purpose of directing th^ 
attention of members of Mechanics' Institutions to th 
past and present condition of our acquirements on the 
jecte ; and to show what has been done, and what ye 
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remams to be accomplished fur the advancement of 
mechanical science. 

In illustration of these objects, I have taken the varied 
forms of transit, from the pack-horse of former days to 
the waggon, carriage, and locomotive of the present : I 
have also noticed the introduction of Steam, Gas, and 
the Electric Telegraph, and such other discoveries as 
have influenced the wonderful attainments of the present 
generation of men. 

In the lecture on * Labour,' will be found a short analysis 
of mental, as compared with physical labour, and the results 
which follow from its acceptance and application to the 
general purposes of life ; and, in order to prepare the 
rising generation for the duties of labour, an attempt is 
made to trace the functions of the mind through the 
outward senses, and to encourage by judicious exercise 
those faculties which require development, and which 
tend to the enlargement of the intellect, and the success- 
fiil cultivation of laborious pursuits. 

Examples are also given to show that labour is in- 
herent in every condition of animated existence, that its 
exercise is invigorating and healthy, that its influence is 
powerful, and that its achievements are great. 

In the address delivered at the inauguration of the 
Southport ' Athenseum,' I have endeavoured to exhibit 
the advantages of Literary and Scientific Institutions, and 
to show that a careful application to study in reading, 
writing, and meditation, is the only road to distinction, 
and that an untiring industry, and a high sense of honour 
are the only true harbingers of success. 

The other two lectures, one * On the Thickness of the 
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Earth's Crust/ and the other * On Iron and its Appli- 
ances/ were delivered to the members of the Literarj 
and Philoaophical Society of Newcastle-upon-Tyne* Inj 
the former researches is recorded the attempt made hyM 
Mr. Hopkins, of Camh ridge, and my self 5 to determine 
experimentally the temperature of fluidity In bodies when 
subjected to severe pressure^ and from this and the knov 
increase of teraperatiire as we penetrate vertically from thel 
surface downwards, to deduce the approximate thickness 
of the earth's crust, Mr, Hopkins laboiu-ed with iin"* 
wearied perseverance for several years at this enquiry ;l 
and the results, which must be considered appro xira at Cpj 
T^-ill be found recorded in the Philosophical Transactions,! 
and those of the British Association for the Advancement 
of Science- 
Iron appliances is a large subject on which volume 
may be written : its treatment in a lecture must of neces-^ 
sity be limited, and its application still more confined^ 
a few facts are, however^ given in connection with it 
uses when applied to the steam engine, niillwork^ and 
machinery ; and^ what is of some importance to engineer 
and miners^ is its value in the construction of largQ 
beams for pumplng-enginesj where new and useful ex-j 
amples are given for the employment of wrought instead 
of cast iron in cases of structure where danger is im-i 
minent.* 

The remaining papers which constitute the volume ar 
^ost entirely composed of writings and experiment 



^iTSgraph refers to the unfoftunate Jimdeiit vhkh occurred 1 
olJicry aonie years muce, where upwards of 400 persons lo 
High tho brt'iLking- t>f the euet iron Engine Beam. 
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researches for which I am alone responsible. They con- 
sist of documents in connection with practical science 
which may be enumerated in reports such as * The com- 
parative merits of the Machinery of the Paris Universal 
Exhibition of 1855,' and that of * The Machinery Depart- 
ment of the South Kensington Exhibition of 1862.' To 
these are added a Treatise on Iron Roofs, Researches on 
the Insulation of Submarine Cables (undertaken at the 
request of the Atlantic Telegraph Company) and experi- 
ments to determine the effect of impact, vibratory action, 
and long-continued changes of loads on wrought iron 
girders. 

All these communications had a special interest at the 
time they were written; and, as they are founded on 
subjects of practical utility, I may venture to hope that 
as points of reference they may prove interesting to the 
' general reader, and others connected with constructive 
art, and the commercial enterprise of the country. 

In conclusion I have to state that my acknowledg- 
ments are due to Mr. Edward W. Jacob, my assistant, 
for the efficient manner in which the drawings and 
illustrations have been prepared, and for other matters 
connected with the publication. 

W. F. 

MiiNCHBSTBB, 

S^i. 30, 1866. 
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ON 

THE ADVANTAGES 

OF 

APPLIED SCIENCE. 

LECTUKE I. 

ON THE APPLIED SCIENCES. 

r the term Science we express our knowledge of first 
inciples, or those laws which govern the movements, 
mbinations, and structural condition of bodies ; and by 
e word Application we mean that the knowledge thus 
•tained is rendered useful in the adaptation of those 
wa to the purposes of construction and the advancement 
industrial art It may be interesting to show how the 
>wer of man has been augmented by each new discovery 
at has taken place in the history of science, and it must 
5 remembered that, when we speak of new discoveries 
id new inventions, it does not imply that anything 
5w is created ; it only means that we have discovered or 
rand out laws unknown before, but which previously 
risted. When by induction or experiment we arrive at 
be knowledge of a new principle, we call it a discovery 
ft science ; and when we render discoveries or first prin- 
iples of this kind subservient by means of their applica- 
ion to some useful purpose in art, we do so by what are 

B 
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called Inventions. Science may therefore be designated 

a knowledge of the laws of nature already in existence | 
and invention, on the other hand, may be considered 
applied science, by which certain fixed principles ar^ 
established for our guidance in constructive art. 

The solar sygtem, in which the aun and planets revolve 
indicate natural laws which admit of no changej and 
which may be accepted as first principles. Such laws ; 
those of density, force, and gravitation — the latter firs! 
discovered by Newton — were founded by the Great Authoi 
of Nature, and have been made known to us through 
the labours of both ancient and modern philosophers*! 
It is not, however, my intention to discourse on the mo- 
tions of the planets, nor of those vast systems which com- 
prise the fixed stars, and other astronomical phenomena. 
On the contrary, I wish to consider the laws of ter 
trial rather than of celestial objects, and to point out thJ 
great benefits we derive from the cultivation of science 
and the application of its principles to the purposes 
constructive art. Let me therefore solicit your attentionl 
whilst I endeavour to point out the intimate and ind 
soluble connection which exists between first principles 
and the whole range of practical operations by which^to 
use the words of Scripture — ^we live and move and have, 
onr being/ 

It would be a vain and fruitless attempt to offer 
opinion on all those numerous branches of science whic 
have contributed to human progress. It will probablj 
be more to your advantage that I should confine mj 
-observations to one or two departments, to show to whai 
it scientific knowledge, judiciously and properl^ 
has of late years worked such wonders by in 
he comforts and enjoyments of life. Let 
isider— 
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IsL Steam, as the motive |K^iver in practical mechanicSi 
2iid. Kail ways. 

3rd. Navigation ; and | 

Lastly, Manufactures. 

IsL Sleam. — According to thh arrangement » we shall 

have to consider steam in the ihape of water converted 

to an elastic fluid by heat. It may also be necessary 

examine its properties as regards volume, prcBSure, and 
density, and ultimately to consider its application to the 
steam-engine, ivhich we find equally beneficial, whether 
employed for the purposes of navigation, the transit of 
railway-trains, or as a prime mover in manufactories. In 
all these operations it is our faithful friend and slave, 
working continuously with a ncvcr-tiring and never- 
failing energy. 

Steam, like most other vapours, is derived from the 
water that jiroduces it. When water attains a temperature 
of 212° Fahr, under ordinary atmospheric pressure, it 
boils, and steam is given off. Steam* when slowly formed, 
contains about 966 units of latent heat, or heat not indi- 
cated by the thermometer. If to this be added 212° 
of sensible heat — the temperature of boiling-water — we 
have 11 46 '6 units of heat required to raise a pound of 
water into steam at 212''. So long as the water remains 
in an open vessel its temperature will not rise above 212'' ; 
but if the vessel be closed and the pressure increased, 
then the temperature will increase also. Bearing these 
in mind, we arrive at certain fixed Jaws which we 
ave no power to alter, and to which we must adhere in 
the application of tliis important agent as a prime mover. 

In the first place then we have water, which we know 
passes into steam imder atmospheric pressure at the 
temperature of 212'', heat being lost during the change* 
he temperature of ebidlition remains constant under the 
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IM pr^iiitrt, ftod we eannot inereaae tt in an o| 
! Y6iifM*I by an increase of heat, or by making a larger fire 
titMl'^r it Let us hnwever close the top of the vessel and 
i'^mvert it ifit^n a sti^am-boiler, and we find the conditions 
eniiri^ly changed, but still gubjeet to fixed laws, whichj 
regulate the progressive increase of the presanre, density^ 
and k'Uipcrature, Under theae conditioDs there is a con^ 
[itont relation hetwcsen the preaanre and the teraperature 
df «at!i rated wUsam* The ordinary pre^^gure of the atmo^ 
uplif^n- ij* 14*7 ll»<* pernqnare inch, and under this pressure 
wv liavr* necn that water hoik and produces steam at 
temprrutiir*^ *>{ 212^ But at a pressure of 25 lbs< the 
lioilfrjg-fMiint rii^m Ut 240'^ ; at 50 Iba. prescsure the tem- 
[ii^raturr^ oj" rbnllition in 281% and at 100 lbs. it is 327^"-! 
Mi>n*u* we »('.e tluit ilio boiling-point increases in a eonsecuJ 
tiv«3 miir> with tlie i^rcftsurc ; andj moreoverj the density! 
of tiio iteain nUo int>i*ea»es with the temperature and 
preMiirn. In my own experiments I have found that one"^ 
et»bie ini^h ui" water prorbices 1^64 1^ cubic inches of steam 
fti the [jrewHurc of the atmosphere. But at 25 lbs. pres^^ 
Ptiiro it U rci*trit'(cd to 9H5 cubic inches, at 50 lbs, pves-™ 
Huro ti> flOH cubic inches, und at 100 lbs. pressure to 268 
enbic inches, llcncc it will be seen that the density ha 
incrci4*ieil in a similar ratio w4tb the decrease of Tolume mid 
tht> iiicrcrw*c of the tcmpcniture and pressure, Againj it 
has broTi found thnt tlic latent heat of steam decreases J 
and »bi' Kcnsiblo iU' total heat iiKTca&sCSj with the inerea 
of prc^nurc, The discovery of this law we owe to th« 
cxp«M4nvenfal roseftiTbcs of II. Regnault. Moreover, fro 
<*x|verinicnti* with »teani when isolated, and the applieatio 
of heat continued* certain rc^idts^ have been obtaineti M31 
fiwn c\(iorirartiti*> and i\\\m> of Mr* Tate, §how that it 

V- il. * -rifnc law as a perfect gas, incre*mng in volnm^l 
1 1 lire at the Mime rate as atmospheric air, and 
*Ut*e ktiown ais superheated ateam. 
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In this state it has become general in its applieation 
to the t^team-engine. The practice of superheating u 
now generally adopted, especially in steam- vessels where 
the economy of fuel is a consideration of great imi>ortanee. 
It has been understood, although ]ra[»erfectly, that the 
expansion of superheated steam follows the same law a£ 
air^^ or any other perfect giis ; that is. when the steam is 
not in a saturated but in a dry state, it oljeys the same 
law of expansion ae common air when heated to the same 
degree of temperature, Now^ as some uncertainty was 
entertained on thiB question, I undertook, conjointly 
with ^Ir. Tates to solve the difficulty by a R*ries of 
carefuliy-coTiducted exi>eriments, to verify this law of 
expansion^ indicatetl by our previous in%es«tigations on 
density, volume, and pressure, to which I have directed 
^^onr attention.* The results of these experiments may 
^(pe stated as follows : — 

The earliest experiments on the expansion of super- 

L^eated steam of which we have any account were made 

^By Mr. Frost in America, but without sufficient accuracy 

^Bo be of scientific value, Mr. Siemens has also experi- 

^^cnted on the expansion of steam isolated from w ater ; 

his results give a much higher rate of expansion for steam 

than for ordinary gases ; but, owing to the obvious defects 

of Mr, Siemens' method of conducting the experiments^ it 

was considered by himself that the results w^ere not reliable. 

For gases, the rate of expansion is expressed by the 

formula, for constant volume — 

P E + t ... 

I p;=ETi: ^'' 

where e is a constant derived from experiment, and de- 
termined by Regnault to be 459 in the case of air. In the 

For the eiperiniftntal researches on the density of steam at difTerBnt 

f and to determme tht; laws of supezlieated steam, vide FMk- 

[ T^anMo^Uons, IS60, p. 1S5, 
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paper alluded to it was shown that, with a certain proYiso, 
the rate of expansion of sui>erheated steam nearly coincided 
with that of air. Within a short distance of the maximum 
temperature of Batu ration ^ the rate of expansion of steam 
was found to be exceedingly variable ; near the satura- 
tion-point it is higher than that of air, and it decreases, 
as the temperature is increased, until it becomes nearly 
identical with that of air. The results on which this law 
Iwas baaed were too limited in their range for much 
numerical accuracy in the constants deduced. 

Hence it has since been our object to supply this de- 
ficiency, by affording experimental data of the ex]}ansion 
of steam at higher temperatures and with a greater range 
of superheating than was possible with the apparatu:? 
employed in ascertaining the density of steara. The re- 
sults obtained in these later researches, liowever, confirm 
the general law deduced from the previous ones. 

It will not be necessary in this place to give the details 
of the experiments, nor to furnish descriptions and draw- 
ings of the apparatus from which the results were ob- 
tained. Suffice it to observe that they were conducted 
with extreme accuracy, and the results were confirmatory 
of M- Regnault's law, derived from the pressure of the 
vapour of mercury, i^ith which that eminent philosopher I 
kindly supplied me from his unpublished experiments. 
The results are therefore confirmatory, and almost in | 
perfect accordance with, Regnau It's investigations and tha] 
calculations of Rankine, as mil be seen from the following 
mammary : — 

Summarff of Results* 

- of expansion of gaseous bodies is expressed 
da-- 
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• • ^- P^V, -PV 

where e is a constant. The values of E thus deduced 
are placed in order in the following Table. They 
show a decreasing rate of expansion from the satu- 
ration-point upwards until (at a certain increase of tem- 
perature) the rate of expansion coincides with that of a 
perfect gas. 

Taking from the preceding Tables the two results, 
which in each case represent the rate of expansion at 
the greatest distance from the saturation-point, we have 
the following values of E : — 



(1) 


474-48 




45011 


(2) 


4o5r)7 




443-86 


(3) 


466-80 




451-94 


(4) 


464-83 




460-79 


(5) 


460-28 




9)41-28-71 


Mean value of 


E=458-74 



The value of E for air, as ascertained by Regnault, 
is 459 ; that assumed for a perfect gas by Rankine is 
461-2. 

Hence the conclusion which we suggested in a previous 
paper (before alluded to) has been satisfactorily determined 
111 more carefully-conducted experiments, and the rate of 
expansion of superheated steam is shown to be almost 
identical with that of air and other permanent gases, if 
calculated at temperatures not too close to the maximum 
^perature of saturation. 

These are the laws which indicate the properties and 
gOTem the action of steam, and to which we must 
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adhere, if wc wish to ayoid dangers and mistakes in it| 
application to the purposes of engineoriiig practice, -Aj 
an example to show its effects^ let us take the case of i 
locomotive engine working at a pressure of 150 lbs. pen 
square inch ; and we find that the cubic contents of the 
boiler, after deducting that of the tube^ is equal to 1401 
cubic feet ; three-fourths of this space contains watery an™ 
the remainder steam. Small as this vessel may appear J 
it resists on its interior surface; at the working pressurd 
of 150 lbs. on the square inchj a force^ tending to bursH 
itj of 15^000 tons ; and the steam^ when permitted t<l 
enter the cylinders^ will cause the engine to exert a forcd 
equivalent to 700 horses' power moving at a velocity oB 
50 miles an hour- I 

Having stated thus much with regard to the propertied 
of steam, let us now consider the principle on which ii 
should be produced, and how it should be used wita 
economy and safety- For a long series of years this haa 
heen a desideratum anxiously sought for, and altliouglj 
we have not as yet fulfilled all the conditions requireJ 
for the attainment of that object^ we have never the less 
made great advances in the procuration and use of steamJ 
In the earlier stages of the steam-engine there w^ere nq 
vessels capable of generating steam at a higher preasurd 
than from 7 to 10 lbs. upon the square inch, and formanfl 
years engines were never worked above that pressurej il 
we except the p urn ping-engines of CornwaH, which werd 
worked expansively (as early as the beginning of the preJ 
sent century) with steam from 20 to 30 lbs. on the squarJ 
inch, obtained from cylindrical boilers. This state od 
things continued till 1840, when the use of high-pressurd 
^as urged on public attention by rayseli' and otherd 
I cc of economy, which required at that time, ad 

I V, the most attentive consideration. In theJ 

doLtble'-flued boiler was introduced^ in whicbj 
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high-pressure steam was generated, and worked expan- 
sively, and this principle has been continued in nearly all 
the engines that have been made since that time. Many 
of the low-pressure engines have also been altered and 
strengthened, so as to cut off the steam at one-half and, 
in some cases, two-thirds of the stroke. By these im- 
provements a great saving of fuel has been effected ; but, 
unfortunately, they have been attended with serious dis- 
asters and loss of life, by attempts to work the low-pres- 
sure boilers up to a standard beyond their powers of 
resistance. These catastrophes became so frequent as to 
cause the organisation of the Association for the Pre- 
vention of Boiler Explosions, which for the last ten years 
has not only saved a large number of lives, and property of 
considerable value ; but its careful periodical inspections, 
improvements, and recommendations have rendered the 
working of the steam-engine expansively, with steam at 
40, 60, and 70 lbs. per square inch, comparatively safe. 
Under the auspices of this association, and others which 
may be formed on the same basis, increased pressure and 
economy may be looked for, and the manufacturing public 
and steam-users of every class may reasonably anticipate 
the greatest benefits from their labours. 

Having thus shown what applied science has done for 
the steam-engine in a chemical and mechanical point of 
view, it may not be uninteresting, before closing this part 
of the subject, to glance at what has been the result of 
the same principles applied to locomotion. It must be borne 
in mind that steam-power, as an agent for the traction of 
carriages, did not escape the penetrating genius of Watt ; 
and Murdoch, before the beginning of the present century, 
made a model engine, which I saw at work on a circular rail- 
way at his own house in 1828. This was probably the first* 
attempt at locomotion by means of steam. But we may 
safely pass over the improvements which followed, from that 
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time J until we come to tlie competition at Rainliill, wlieit 
the whole of tliem were developed^ a few weeks pre\4ous to 
the opening of the Manchester and Liverpool Railway, in 
1830* These improvements were variously conducted bj 
Trevi thick, Blenkinaop, Hawkworth, Foster j Dodd, and 
Stephenson; but the crowning effort took place as stated i 
IS'iO^and the result was the splendid achievements we have 
described in another placeJ^ and to which I shall have to 
refer when we come to treat of Railways. Suffice it foi 
the present to state, that previous to the competition m 
Rainliill, there were no attempts to run locomotive eMgin<= 
more than ten miles an hour * and, in fact, there was nd 
chance of increased speed, as the great drawbacks wet 
defective boilers and a deficiency of steam. 

To remedy these defects the heating surface of th^ 
boiler was augmented, and the exhaust-steam was throT 
into the chimney, whether by accident or design is no 
exactly known,* At all events considerable improve 
ment5 were effected by both^ but still insufficient to supplji 
the necessary quantity of steam for high speeds — which 
by-the-bye, were never contemplated — till the generativd 
powers of the boiler were proved to be inadequate al 
RainhilL Mr. Henry Booth, however, recommended th^ 
small tubes to Mr. Stephenson, which gave the require^ 
heating surface for the supply of steam, and the victor 
to the ' Rocket/ This principle of diffusion and increa 
of surface gave the finish to the locomotive engine, an^ 
from that time to the present may be dated all the ir 
provements and all the wonderful results which are dailjj 
witnessed in the economy, speedy and enormous traffic > 
the railway system, 

Improveraents, to meet certain conditions, have beeij 

^iihftn&on Biiitod to the Atitbor that he iDtrodaeed it into 
-rmi Jt previoiis kuowUdge &f its properties us tk blaat, but 1 
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made in Amariea and the C*mtinent of Europe; but they 
are entirely looal, and do not afiect the general principle 
fi rst in trod u c ed i u to th e 1 ocomo ti v es of th is c au n t r y , T Ji e 
Trench and German engines are identieal in principle with 
ir own, but are slightly varied in constructionH. The 
American engines exhibit greater difference in fomi, but, 
notwithstanding the numerous attempts that have been 
made and the amount of talent that has Vieen brought to 
bear upon the Bubject^ there has been no improvement ujion 
the principle first developed in the ' Rocket ' at RainhiU, 
The increased beating surface intrtxluced into the boiler by 
numerous small tubes and the injection of the blast into 

•the chimney hiiSj how*everj given the finish to the engine 
lis it now exists* These two appliances constitute the 
principle and efficiency of the locomotive engine, and, 
like the separate condensers of AV attj seem to have set at 
rest every other attempt at improvement. Much has been 
done and more may yet be accomplished in the fonn 
and working details of the part^, as may be seen in the 
American engines with bogie -carriages in front, adapted 
to turn round sharp curves, and the cow-catcher and 
spark-catcher where the Hue is not fenced, and where 
wood is used for fuel. 

All these improvements and adaptations are intended 
meet certain local requirements, and the Americans 
ave availed themselves of constructions suited to wooden 
with thin iron bars nailed to the surface in the first 
ancej and the inverted cone covered mth iron wire- 
auze as a spark-catcher in the second. These contri- 
ranees to meet certain local conditions, although not 
ing to any new discovery, are nevertheless highly 
beneficial to the coramunityj and tliis aptitude of adapta- 
tion IS a striking proof of the advantages of applied science 
the development of industrial resources* 
2nd* Raiiwaf/s. — If we revert to the means of transit 
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iis it existexl before the introduction of railways^ we sbfJl^ 
find an extraordinary development of a system tkat ba^ 
i^hanged and is now clianging the relations^ of all countrieSj 
as regards the means not only by which we are trans- 
jKirted at the Bj^eed of the racehorse from one end of the 
kingdom to the other > but the effects wliich these changes 
produce in the social relations of individual com muni ties! 
and the intercourse of nations. If we consider the rapithtr 
with which that intercourse is effected, and the comparts 
tively email rate of charge by which we are carried great 
distances, we at once come to the conclusion that we hve 
in a new era of the world's history, and, moreover, that 
we enjoy facilities of intercourse unknovm to the past, mi 
ftuch as must firove advantageous to the future. These 
changes in our social condition become the more prominent 
when we reflect on the daysi of the pack-horse, the waggoiij 
and the stage-coach. All these modes of conveyance have 
terrain atedj and are now entombed in the lustory of the 
past. In fact, the slow pace of three to nine miles an 
hour is superseded by the magic flight of the locomotive 
train — with its human cargo — which sweeps over the ho&M 
of the country, in every direction^ at the rate of fifty miles" 
an hour. These wondcrliil achievements may be meap 
Hured by a period wliich dates from 1830 i and supposing 
the principles of high speeds to have been realised in 1840,^ 
we theu arrive at the fact that ten years was only 
quired for the development of this wonderful and ve 
important system* 

It may be interesting to enquire, now we are in 
tnidst of railways, what effects they have produced upon 
society ; and these being taken in connection with other in 
proveraents consequent upon their introduction, we arriv 
at the conclusion that the moral and physical conditions i 
the great mass of the community are greatly improved. 
in jJlustratiou of tliis statement^ we compare the conditio 
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of the population at the commencemetit of this century 
with what it is at preaent, we shall be convinced of its ac- 
euracj- If\for exam pie, we examine the state of society as 
it existed sixty years agOj when a working mechanic had 
from 20s, to 2 4 if* per week, day-labourers in towns from 
10.-¥, to 12s* J and agricultural labourers from 8^, to 10j», 
we come to the conclusion that the working-man is better 
off now than then, and that the rate of progress has not 
deteriorated but improved the condition of all classes- 
The above may be considered the approximate rates of 
wages at that time : now they are nearly double in the 
case of mechanics, and there has been a proportional in- 
crease of 20 to 25 and 50 per cent* in that of town and 
country labourers. 

The middle and upper classes have probably been 
benefited in a greater degree than the labouring class^ as the 
amount of business done in the coimtry has more than 
doubled, and every description of property has increased 
[ in value in similar proportions* But this is not all, as 
the price of provisions— with the exception of butcher's 

Mjat — has not increased in a coiTesponding ratio, and in 
gclee of clothing a great and important sa\ang has been 
ected. Altogether, therefore, the present generation 
^m ranch better off than that of fifty years ago, and no 
^■all share of this important change is attributable to 
^ne introduction of railways. 

It is not, however^ exetusively to railways that we have 

to look for the improved condition of the population. 

Other discoveries in practical science have contributed 

^^gely to this result, and we may instance those of a 

^■^ical and chemical nature which have brought to light 

flEe proper diffusion of heat, the economy of fuel, and the 

principle of Dr, Joule's equivalent, which enables us to 

calculate the amount of work done by any description of 

elementary force generated by the introduction of heat* 

^jg^is briefly examine some of those discoveries applicable 




OH THE APPLIED SClKXCES- 

Mi ilio •tfvam^-f'figtne and the loconiotiYe. and we find 
flwi* n MHtnt [trrfort knowledge of physical laws, whefl 
|ifii#;|li^llY it|i|i|;cHl, has led to a sa^-bg of one-half the 
ifiiUfiUlf ur Tui I in the steam-engine to what it required 
ti^Hii* iipi : or» in other words, one pound of ooai 
^ *4»plunl \k\\\ ito double the work it was able to 
j|ff4fM(|(|f«i|i lii^furo ihc improved principle was introduced, 
Ht M»ii ikiHuint of prHrt.ioAl science tlie great and impor- 
f hi^hMii« *i|' the present age are experimetital inquiry 
#Nrt iMililititvn ivaNouiiij^, The principle of theoriBing is 
'^1 ' I h n I , u ud in *t hi ii ^ h t ak en for granted in seien- 

IM' ^ UgHtioHi lull prtned hy the test of actual exp€t 

|1WII^RW Willi nU due nMs^iect to our friends and o 
jllMir* ill iIhi lUi^hor hrauchcs of mathematics who are sn 
Wtil Lii^ikH*, Hm) lo >\h^Hn we are indebted for theoretical 
P'l I I iMiMi( opinion that the calculations in practica^l 
l»f:^^fH»^ Hiii more i\erliii» when the formulae on which thev 
ItfK (itWHdmi ma deduced fnnn actual experiment. To 
fWVfJ \-\\Ui many examples may be given to show that 
fsxptiriiMcut ii the only true ex^xment of physical laws 
}^jmh vuhi& to practical seicnee, and the formulae deduced 
flieiefioiii are the standard rules by which those laws in all 
th$:}r VJirictl ftmii^ can be salely applied. There can be 
tm gnmttir proof of the union of science and constructiTe 
mt thun af^plltnl uuithematics, as a knowledge of SM 
pril^ciplfcti can only be attained through the aid of the ' 
Uiathcmaticlan, Vm example, in Dn Joule's equivalent, he 
pwy^i^i I'y *^xpcri!nent, that heat and force are reciprocally 
iumVi'r\\UU', and nhows distinctly that we cannot apply heat 
U) ttijy l**Hly withtmt creating its equivalent of force, and, 
vim pttraA^ wc camiot apply force without generating its 
©qui val**rit of heat. If, for example, a body is compressed 
hy a iuw^ of 1000 lbs., heat will be generated or given 
liut iih Ihc equivalent of that force ; and by revei-siiig the 
tiMitiou or removing the force, and allowing the body to 
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cool, it follows that the heat lost in returning to its former 
state is in proportion to the force originally applied. 
Hence Joule's law is, that the introduction of as much 
heat as will raise a pound of water one degree, is the 
equivalent of 762 lbs. raised to a height of one foot. It is 
from these and other discoveries, such as working high- 
pressure steam expansively, increasing the speed of our 
engines, and other practical improvements, that we have 
been enabled to economise our fuel to the extent of per- 
forming double the quantity of work. 

Before closing this part of our subject, it may be in- 
teresting still further to show what effects railways have 
had upon the political changes of countries embroiled in 
war. This is a question that has partly been solved in 
the recent contest between the late Federal and Confe- 
derate States of America. 

In a country intersected by railways, it is important 
that an army acting on the defensive should keep open 
the line between its existing position and its base of 
operations, and that supplies of ammunition and all other 
requisites of the Commissariat should be expeditiously 
and safely supplied. When this can be done by rail, an 
immense saving of time and money is the result, and 
this may be greatly augmented by the expeditious transit 
of troops and the materials of war. This was clearly 
shown in the late contest in America, and the retention of 
an open railway, to one or other of the belligerents, not un- 
frequently decided the victory. Large armies composed 
of cavalry, artillery, and all the accessories of equipage, 
ammunition, &c., could not be transported from place to 
place with any degree of certainty, unless preparation and 
previous arrangements were effected; and even then it could 
not well be done for short distances, but in long journeys 
much time may be saved and great results accomplished 
by the transport of troops and reinforcements by rail. 
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It is for the continental nations of Europe to decide tli3| 
question, as they are more exposed to invasion than tlml 
inhabitants of this insular country ; and I apprehend ^ 
must be left to the military authorities to determine thJ 
means to be adopted in order to meet all the arrangementJ 
of military transport. To surmount the diflSculties to bfll 
overcome in the transport of infantry ^ cavalry, andartillery^l 
we should have to put railways under military trainingt 
and this could only be drmc in cases where lines of rail- 
ways existed between the different depots and the seat of 
w^an In this case railways would be useful for whichever 
of the contending armies could keep possession of thenj* 
Let us hope that in this country they may never be wanted 
for such a purposej and that we may continue to enjoy 
rapid transit free from the pageantry and pomp of war, 

Srd, Steam Navigation, — It must be acknowledged 
that the discoveries in science and their application to the 
purposes of civilisation have changed the mutual relations 
of countriesp The luxuries of foimer days have become the 
necessities of the present, and we have many blessings and 
many enjoyments for which to be thankful. We are better 
housed^ better clad, and better fed than at any previous 
epoch, and we owe many of these comforts to steam-navi- 
gation* It is little more than half a centuiy since the 
iirst steamboats floated on the surface of the Hudson and 
the Clyde. To this branch of applied science great at- 
tention has been paidj and the result is before us on every 
sea and in every pait of the globe. The earliest experi- 
ments of importance in steam -navigation appear to have 
been those of Mr. Miller. In 1788 he built a vessel with 
paddlewheels, which was tried on the loch of DalswintOHf 
which gave good results. This was followed by the con- 
struction of another vessel with a steam-engine^ built by Mr. 
Symington ; and in 1801, with the aid of Mr, Symington^ 
Lord Dundaa built a vessel of considerable power, whici] 
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s employed on the Forth and Clyde Canal. Fulton, 
er unsuccessful experiments in France, went to Scot- 
idj and made a trip in the * Lord Dundas,' the details 
which he carried with him to America, and the know- 
ige thus acquired he^ afterwards applied in the construe- 
)n of steamboats on the Hudson. 

The United States were not behind, if they did not take 
leleadjin shipbuilding and steam-navigation. TheAmeri- 
ins, however, were not the first to apply the steam-engine 
► navigation, but the first to render it practically useful, 
though very closely followed by this and other countries. 
twas in 1807 that Fulton opened a steam-communication 
a the Hudson between New York and Albany ; and in 
811, Henry Bell, of Glasgow, made his first trip with the 
Comet' on the Clyde. We are all acquainted with the 
rogress made since that time, and the science and skill 
y which the present high degree of perfection has been 
ttained. 

For more than twenty years the steam-engine applied 
) paddlewheels was the only means of propulsion, but 
bout 1830 Mr. Bennet Woodcroft showed me a plan he 
ad invented for propelling vessels by means of a screw, 
twas not, however, till 1837 that the merits of the screw 
^ere fairly tested in the experiments of Captain Ericsson 
nd Mr. F. P. Smith. In that year Captain Ericsson's 
mall vessel, only 45 feet in length, towed the Admiralty 
•arge firom Somerset House to Blackwall and back, at the 
ate of ten miles an hour. In 1839 the * Robert Stockton' 
fas built on the same principle, and in 1840 the * Archi- 
medes' made its appearance on the Thames, after which 
he Admiralty introduced the invention into the Navy, 
rtiere it has entirely superseded all other means of steam 
Propulsion. It is not, however, for ships of war alone 
Hat the screw has been employed. On the contrary, it 
s applicable to every description of vessel, and is now 

c 
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extensively used not only as an independent instrumei 
of propulsion, but also as an anxiliary to assist vessel 
under canvas, and to shorten the voyage in head-winds 
or profound calms* 

At the firat introduction of the screw-propeller, toothed 
wheek were used to obtain the velocity proportionate to 
the diameter of the screw and the required speed of the 
vessel. Since then it was found more economical and 
much more advantageous to work the screw-shaft direct 
from the steam-cylinders^ with short strokes coxTesponding 
with the velocity required for the screw. Dispeneing 
with the cogwheels was a great im pro v erne nt, not only 
for the purpose of bringing the power of the engines direet 
upon the resistance, but for simplifying the parts iu motion, 
and rendering the engine a leas complicated machine , aini 
more compact in form than it was with the speed-wheels 
and the long stroke. In ships of war this improvenieat | 
had another advantage — that of keeping the whole of the i 
machinery low in the ship ; and by fixing the cylinders I 
horizontally on their sides, the whole of the working parts 
were jdaced out of harm's w^ay under the water-line. 

In merchant-vessels the screw-propeller is worked in ly 
variety of forms— by placing the engine vertical, obUquH 
or at different angles with the horizon. Other improve-" 
menl^ have been introduced, by fixing a screw at the stem 
on each side of the ship's quarter. This was the original 
plau» adopted by Ericsson and others; but certain im- 
provements and modifications, introduced by the late Mr. 
Koberts, have changed that scheme so as to render 
double screws applicable not only as propellers, but 
separate engines enabling them to revolve in opposil 
directiotis, the vessel may be tunied round in a circle 
m radius not exceeding half or three-fourths of the lengtK" 
of the ship. 

For the piwiKJse of mauoeumng, the double 
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)erfonn an important duty in rounding the ship; and now 
hat heavy guns constitute the armament of the Navy, it 
8 a desideratum in naval warfare that they should be 
ATorked with facility and despatch, either by the quick 
movements of the vessel, or on Captain Cowper Coles' 
principle of revolving turrets. It is not yet ascertained 
which of the two systems is the best ; but it appears quite 
evident that the ship must either have the power to effect 
a change of position with celerity in action, or the guns 
must revolve on turret-tables in order to bring: them to 
bear upon the enemy with eflSciency. There may be some 
objection to Captain Coles' principle of working the guns, 
on account of the confined state of the interior of the tur- 
rets, and the want of adequate ventilation, but probably 
ways and means may be devised to surmount these dif- 
ficulties. 

I cannot close this subject without adverting to another 
branch of practical science, whi^h originated in the re- 
searches and discoveries of Captain Maury, as given in his 
able work ^ On the Physical Geography of the Sea.' To 
that gentleman's labours we are indebted for many 
benefits conferred on navigation. It may be said of Cap- 
tain Maury that he has analysed the bed of the Atlantic 
Ocean, noted its currents, and ascertained the direction of 
its prevalent winds. He has, moreover, shown to us the 
direct way to India, Australia, and our Colonial possessions 
in all parts of the Pacific and the Indian seas; and he 
alone has saved, by his discoveries and instructions, to 
this country, sums that may be counted by hundreds of 
thousands per annum. These are his achievements in the 
field of applied science : his charts and sailing directions 
deserve the gratitude of the world ; whilst the immense 
number of lives and the vast amount of property his 
labours have saved are the best and most enduring monu- 
ments of his genius. 
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From iina sketch of the pmgress of steam-navigation, 
witl be seen that applied Bcience has been a great bene- 
factor to our social relations afloat m well as on shoi 
By its aid we have overcome the difficulties of wiad m 
tide, and doubled or even trebled the speed of our vessels. 
We have also attained certainty and despatch in postal 
commnnications with other countries^ and I aoi satisfied 
that science and its application to the wants and neces^- 
ties of everyday life is the only true and effective Hystem 
of progress. 

Lastly, Manufaatures, — Letug take Cotton for infitance 
— one of the largest and most important staple articles rf 
manufacture in this country — and we shall find that in all 
the multifaiious processes to which it is subjected, scientific 
principles have been applied with results as remarkaye 
as in any of the examples we have quoted- How effective 
and ingenious is the machinery by which the raw cottcm is 
converted into yam, and with what exactitude it perfonm 
the various duties of blowings carding^ drawings and roT- 
ing, until at last the operations terminate in the production 
of tlireads as fine as gossamer^ and of length sufficient 
girdle the world a thousand times in a single hour ! In 
blowing-machine we have the beater, the fan, and 
delivery-rolls, as in the thrashing-machine invent^ bf 
Andrew Mickle, from which it has been derived* In the 
cardiugj drawing, and roving macliines we have the results 
of the tVuitfuI minds of Arkwright and others, with tlie 
differential motion of the roving-frame and its more 
modem improvement. From these we pass to the m«!e 
and throstle frame, the foniier taking its name from 
riomptoii*s combination of the spinning-jenny and tk 
tJe, and the latter from the warblmg noise of the 
( — which IS, however, much less musical to some eiif^ 
of the bird t^^ which it owes its titles Now a!I 
*'*8j though so familiar to us of this district^ 
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are nevertheless wonderful examples of applied science. 
Probably the inventors themselves were not aware that 
their ingenious contrivances were founded on strictly 
scientific principles ; yet no one can witness these processes 
without being convinced that such is the fact ; and, more- 
over, that we are indebted for the combination, beauty, 
and exactitude of the operations of these intricate macliines 
to the ingenuity of the inventors. 

One of the most remarkable applications of recent date 
is Signer Bonelli's invention of the electro-weaving ma- 
chine, which performs the office both of selecting the 
threads and lifting the healds as in the jacquard-loom. 
The system of perforated cards, hitherto universally em- 
ployed in figure-weaving, is attended with great expense ; 
the cards are cumbrous, and require the utmost care on the 
part of the weaver. But by the electric process of Signor 
Bonelli these cards would be entirely dispensed mth, and 
the division of the warp and all the complicated move- 
ments of the machine would be effected by the aid of 
electric currents, transmitted through a series of plates in 
contact with a metallic cloth on which the pattern is 
drawn. These again, acting through a series of electro- 
magnets, give motion to the healds. The magnets are as 
many in number as the threads to be lifted, and on the 
transmission of a current through the metallic cloth they 
give motion to the needles, which have power to raise the 
thread of the warp, but the power of selection is such as to 
raise only those which must be lifted to produce the figure. 
And in this there could not possibly be a more ingenious 
contrivance, as the figured pattern-cloth, by transmitting 
a current through those parts only on which a pattern is 
not drawn, gives motion to the needles in combination 
with the threads of the warp. The plates that traverse a 
part of the cloth on which the pattern is drawn with a 
nonconducting varnish, transmit no current, and the 
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rifr^If?* in or.nrie<rt:oi: wha th-rin r^nain quiescent. Frond 
thl» dfr'-!<nijAym it ^-ill l-e ?een that any figure, however 
ry^rrip!icat*<L can >>*: prr4cc«l with-:*ct the aid of cards, by 
a contrivance which L? perfectly automatic or self-acting, 
m a>» t/, reli<; ve the weaver of any mental labour, as respects 
the workinrf r/f the heald.% and the production of a perfect 
fa/;«imjlc of the fi<nire imprinted on the metallic cloth. I 
hfrlicvc M. Bonelli has contributed, on the same principle, 
an entirely new eystem for the transmission of messages 
by tele^aph, by means of which a perfect facsimile of the 
letter written at one place is transferred to the other. I 
liave not, however, witnessed the operation of this system, 
and cannot therefore offer any opinion as to its practica- 
bility. 

Another important addition to applied science is the 
pneumatic \(H)m, the invention of Mr. C. AV. Harrison, in 
whicjh the operation of projecting the shuttle through the 
nlied of the warj) is effected by reciprocating jets of com- 
|)r('HHed air, communicated by pipes to the shuttle-boxes 
of oAiiih loom. Exceedingly small valves are attached at 
(*iioh end of tlie beam, and these are worked by the oscil- 
lating motion as it moves backwards and forwards to beat 
up the weft. This new and improved system of loom has 
not as y(^t been fully developed, nor has it come into general 
iiHc. It has, however, many important features to recom- 
nH»n(l it such as the saving of power, the softness of the 
motion as the slnittle leaves and enters the boxes on each 
HuU\ and the unifonnity of pressure by which it is pro- 
ji»ct('(l across the shed. Again, it has the advantage of 
disp(»nsing with the jarring noise of the picker, and a 
Hvstom of cases which, working at high velocities, are 
always objectionable. These appear to be the leading 
ftMiturcB of the invention ; but, notwithstanding its ap- 
|mrent advantages over the jMnverlooms now in use, there 

^T be loine drawbacks with which I am not acquainted. 
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The ground on which this opinion is based is^ that it has 
not made that progress in public estimation which was 
at first anticipated. Let us however hope, whatever de- 
fects may exist, they may be remedied, and that the pneu- 
matic loom may be classed amongst useful inventions as 
another valuable contribution to practical science. 

Before noticing the processes of bleaching and dyeing, 
I would for a moment refer to the combing-machine, as 
another instance of the application of mechanical science 
in preparing the finer descriptions of cotton. This machine 
is of French origin and of recent date. It is a combina- 
tion of mechanism to effect the arrangement of the cotton 
fibres by a combing process, to enable each fibre to slide 
past the others, and effect without twist the operation of 
removing the entangled mass. The necessary twist is 
afterwards given by the roving-machine; but, speaking 
under correction, the first object to be attained is to 
secure the parallelism of the fibres, so that the succeeding 
processes of drawing may be effected with greater ease. 
The combing and carding machines are admirably adapted 
for this purpose, and the only advantage of the former is 
its greater adaptation to the finer descriptions of yam. 
In weaving there are numerous examples of ingenuity 
and skill in mechanical appliances, besides the jacquard 
and electric looms, to which I have already adverted. Of 
these I shall only refer to the stocking-loom, perfected 
after years of labour, difficulty, and suffering by its in- 
genious author. There is a little history connected with 
this invention, not only interesting in itself, but highly 
instructive to those who would imitate the labour and 
tread in the steps of its illustrious contriver. But the 
story is so well known that I need not repeat it here. 

In the application of chemistry, a wide field of research 
is open to those who have made themselves familiar with 
the laws of combination and the products of the laboratory. 
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To this science we owe the extraordinary results which 
have been achieved in the processes of dyeing, bleaching, 
and printing. Of these the most remarkable of recent 
times has been the production of red, purple, and violet 
dyes from aniline, a substance obtained by the distillation 
of coal-tar. Photography is another signal illustration of 
the advantages of the same science ; and a new era in the 
manufacture of iron is bursting upon us as the result of 
the prosecution of mechanical and chemical research in 
that department. Looking at these facts, I think you 
will agree with me that the subject is well worthy of 
consideration, and ought to form part of the studies of 
young men in every grade of life. 

I have alluded to these facts to impress upon you, and 
on the members of kindred institutions, the importance of 
scientific knowledge, and to show that there is no trade, 
however humble, which is not dependent on scientific 
knowledge. I have attempted to show the importance of 
physical science when practically applied, and how un- 
satisfactory are the results when the combination of first 
principles have been neglected. Ignorance on these points 
are sure to lead to failure : so that, in order to fulfil the 
duties we are called upon to execute for ourselves and 
others, we must work in intelligent subservience to those 
unerring laws, by which we shall be led to discoveries 
and inventions in the constantly-extending fields of scien- 
tific research and constructive art. 



LECTURE 11. 

ON THE PRESENT STATE OF PROGRESS IN SCIENCE 
AND ART. 

If we consider the present state of our knowledge, and 
compare it with what it was half a century ago, we shall 
have reason to congratulate ourselves on the position we 
now occupy. Our rate of progress, and the advantages 
we derive from the improved condition in which we are 
placed, is obvious, either as regards our moral or intellec- 
tual culture. The last fifty years have been remarkable 
for discoveries, inventions, and improvements in every 
branch of science ; and if we are to calculate our future ad- 
vancement at the same rate of progress, we shall arrive 
at a period when the march of civilization and the spread 
of intelligence will penetrate the homes and heads — I 
hope also the hearts — of every member of the community. 
I do not expect that our successors will be all learned 
men and women any more than ourselves, but I have 
reason to believe that the next .fifty years will witness a 
generation of men of increased mental acquirements, and 
of a much higher standard of character than the present. 
It doubtless requires a more acute discernment than that 
of the human mind to penetrate the future and picture 
coming events; but, assuming that no material change 
*iid no serious interruption take place in the condition 
of the inhabitants of this country, we may safely conclude 
ftat a new and greatly-advanced period is in progress, far 
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exceeding that which now exists, and probatly mon 
in unison with a higher standard of mental improyementi 
Let lis suppose that anch a state of things ivill continue, 
and we shall find we are not too sanguine in predicting 
that a happier and more intelligent race of men will take 
the place we now occupy, and thus, by continued im- 
provement^ lead to a higher and more intellectual state 
of existence. 

That such results are likely to follow our present srs^ 
tern of mental acquirements is more than probable ; and 
looking forward to its approach^ I have not hesitated to 
lend my humble aid to this and other institutions in en- 
couraging the onward progress of education, and in bring- 
ing it to bear upon every class of the community. 

If we examine ourselves, and look carefully into thp 
history of individuals, we shall findj in this struggle of 
life, much to learn^ much to appro ve, and much to avoii 
The longest life is comparatively short ; time is therefore 
of great importance, and we cannot too often employ it 
in the acquisition of knowledge. There is nothing that 
requires more management than the proper distribution 
of timcj and its application to useful and judicious em- 
ployraent- To those engaged in the pursuit of know- 
ledge it is of pararaount importance. In youth, and in 
some instances in mature age, we are entirely regardless 
of its value ; but when viewed as the measure of Hfei 
we become sensible of its importance, and regard it^ 
proper appropriation as a question of serious import in 
every purtmit and in every condition of existence. On 
many occasions it is wasted in idleness and unsubstantial 
lUres, and we too often forget its rapid flight until 
ve at that period of life which convinces us that it 
►eared without the concurrent reflection that it 
1 spent* Happy indeed is the man who can, 
^ past with the cnnviction that he has dM 
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vanced in knowledge and virtue, and that his time has 
been judiciously and usefully employed I 

In the retrospect of life there are few of us that can 
pass in review the years that are gone without a sense 
of humiliation and regret; for we all remember many 
shortcomings and many follies in our past career. He is, 
indeed, a fortunate man who can say that he has improved 
in wisdom, and left nothing undone that he ought to have 
done to render his time valuable. And yet there is some- 
thing in the reflection, that most of us would like to repeat 
not only the virtues but some of the follies of youth. In 
fact, there is more in this than most people are willing 
to admit, and I for one believe that the errors of life are 
not unfrequently the precursors of honour and virtue, 
and ultimately become instructive lessons for our future 
guidance. Assuming this to be the case, and knowing from 
our past lives that we have neglected too frequently every 
school but that of experience, we then arrive at the con- 
clusion that the deviations from a straightforward course 
are not altogether without their use, in proving what we 
have to learn and what it is necessary we should avoid. 

A celebrated writer states — ^ that in re>aewing past life 
many things now appear of inconsiderable importance 
which once occupied and attached to us in the highest 
degree. Where,' he observes, * are those keen competi- 
tions, those ' mortifying disappointments, those violent 
enmities, those eager pursuits that we once thought were 
to last for ever, and on which we considered our whole 
liappiness or misery as suspended ? We look back upon 
them now as upon a dream which has passed away. If one 
of those mighty consequences have followed that we had 
predicted. The airy fabric has vanished, and left no trace 
behind it We smile at our former violence, and wonder 
how such things could ever have appeared so significant 
and great.' 
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These and raanj otter cousiiieratioiie of a similar kind 
are the reminiscences of the past, which y*e have to look 
back u[jon in the retrospect of life^ and it not unfre- 
quently happens to be accompanied ^vith some measure of 
self-condemnation and regret. Even the mo3t pleasiog 
scenes, and the joy a that are past^ are attended with regrets 
and secret sorrow. The pleasurable scenes of youth, the 
objects on which our affectiuns have been early placed, the 
companions and friends with w^hom we have s|>ent raan^ 
happy days J can hardly ever be recalled without the con 
viction that the regrets and consolations of the past i 
not unfrequently in close alliance witli the thoughts anq 
actions of the future. These sensations are familiar 
every one of us, and it is one of the consolatory reflection 
of old age? to return to the pleasurable scenes of early life?" 
to criticise the cares and contests in which we w^ere engaged 
and to ' shoulder our crutch and show how fields were won 
But I am wandering from the more direct object of in-" 
ijuiry, and that i«, the present state of our knowledge ia 
science and art as compared with the past, Now^ this 
a subject which requires careful handling, and w^ouldj ! 
doubt not, have been more clearly and distinctly rendered 
if entrusted to abler hands and wiser heads than my 
I must however trust to my past labours, and the exf 
rience I have acquired as a worker in the wide field 
practical science, as my apology for ventuiing upon thi 
consideration of this important question. 

In our treatment of this subject, it will be necessary 
show : — 

1st. The state of our knowledge of science and art i 
*if mtcd previous to the discoveries of Watt^ Arkwrigh^ 

progessive improvement ; and 

comparative value and influence on societ 
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It must be known to most of us who hare studied 
history, that during the time of the civil wars down to the 
reign of George II., the industrial resources of the country 
were at a very low ebb, and the applied sciences were 
seldom or never thought of: beyond that period, if we 
except Sir Isaac Newton and some other distinguished 
philosophers, there were very few workers in abstract 
science. The reign of George III. was more encouraging, 
as it gave birth to some of the greatest names in the pur- 
suit of practical science that this country ever produced ; 
and these may be enumerated by the inventions and labours 
of Watt, Arkwright, Crompton, and Wedgwood. To 
these men we are indebted for the steam-engine, the 
machinery for the spinning of cotton, and the improve- 
ments in the manufacture of porcllain, or that article 
which is better known by the name of Staffordshire-ware 
or pottery. Other branches of industry have made great 
progress, and in them may be enumerated the manufacture 
of iron as comprised in smelting, hammering, rolling, &c. 
All these are due to the labours of Cort, Neilson, Bes- 
semer, &c. ; and the improvements in the silk, flax, and 
woollen manufactures have grown out of the successive 
inventions in the machinery for carding, roving, and spin- 
ning cotton. To each of these we shall have occasion 
to advert, as we take them consecutively in order as 
follows : — 

(1) ON THE STATE OF OUR KNOWLEDGE OF SCIENCE AND 
ART AS IT EXISTED PREVIOUS TO THE DISCOVERIES 
OF WATT, ARKWRIGHT, AND OTHERS. 

We are not well informed on the state of science as 
applied to the useful arts during the remote periods of 
English history, nor have we any reliable facts relative to 
the commercial and manufacturing industry of the country 
during the feudal epoch, when war and pillage were in the 
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aBcenilantj and when the peaceful and industiial hahita of 
the people were liable to be disturbed by the alternate and 
conflicting demands of war and labour, whenever it suited 
the chief to encourage the imposition of black-mail upoa 
ueighboiuing estates. Under such a state of socletf, 
when both Hie and property were insecure^ it would Ijc 
impossible for the manufHcturing industrj^ to flourish ^ mi 
we may reasonably suppose that it was at an exceedingly 
low ebb. It is recorded that woollen and iron manufactories 
weie in existence during the days of the Tudor sovereigns 
down to the time of Queen Elizabeth ; but they could not 
have been able to meet the Avants of the community of 
those days, as most of the working-classes and agriculturid 
labourers wore leather jerkins^ and the woollen cbths 
manufactured at thlt period consisted chiefly of coarse 
serges and a very indifferent description of blanket. The 
manufacture of iron was, ho w ever ^ in a more advanced 
state^ as the country at that time was covered with wood; 
and charred wood being the only fuel used for the smelt- 
ing and blooming processes, the ores of Sussex, Surrey, 
and the Forest of Dean were at that time in a comiJara- 
tively flourishing state. This manufacture continued t-o 
hoiprove until the forests were exhausted^ when it wafl 
greatly reduced during the ci^dl wars and the days of the 
Commonwealth' — the whole amount of production being 
confined to 80 or SJO small lurnaces, and a yield of aboufc 
18,000 to 20,000 tons per annum ; now it is four miUioas. 
During these primitive times much could not be ex- 
pected from any improvements that might have taken 
place in the extension of manufacturing industry, as there 
were no roads and no means of transport, excepting that 
^hich was carried on the backs of horses. Even as late 
"'harles 11/s reign, most of the transit of goods wES 
1 by the packhorse, and, with tlie exception of , 
^ »polis and some of the large towns, there wen 
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few if any carriages in existence. During the reign of 
Que^n Anne^ and from that time up to the commence- 
ment of the reign of George III., there only existed a few- 
carts and waggons, and two or three stage-coaches travel- 
ling on bad roads between York and London, and between 
London and Bath. Most of the journeys of those days 
were undertaken on foot or on horseback, and the journey 
from Edinburgh to London, which now occupies eleven 
hours, took from a fortnight to three weeks for a well- 
mounted horseman to accomplish. 

On this subject alone it is curious and interesting to 
trace the successive changes which have taken place, from 
the time when the whole transit of the country was carried 
on the backs of horses, at the rate of eighteen to twenty miles 
a day, to that of the locomotive which traverses the same 
distance in less than half an hour. The means of transit 
in those times may be compared with the present, as 
diown in the following statement, which exhibits the pro- 
gress of science, and the improvements that have been 
effected during the successive periods to which we have 
referred. 

It would appear that a horse will carry on his back 
about 333 lbs. a distance of eighteen miles in one day : and 
taking this as the basis of our calcidation, I find the fol- 
lowing comparisons of the past with the present to be 
pretty nearly correct, as respects the effective load moved 
by a horse in one day under the different mechanical 
arrangements to which his power is applied ; 
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ESTIMATE OF THE EFFECTIVE LOAD MOVED BY A 
HOESE OVEE A GIVEN DISTANCE, IN ONE DAT, 
UNDEE DIFFEEENT SYSTEMS OF TEANSIT. 

1. A packhorse carrying a load on his hack. — A pack- 
horse will carry 333 lbs. a distance of 18 miles in a day 
of 8 hours long — that is : 

The effective load carried 18 miles = 333 lbs. 

2. A horse drawing a coach on the common road, — A 
horse travelling at -the rate of 10 miles per hour, exerts a 
tractive force sufficient to pull 850 lbs. effective load over 
the distance of 20 miles as a day's work. 

Here the effective load for 20 miles = 860 lbs. 

860 X 20 
18 „ -—jg— =944 lbs. 

It will be observed that this load is transported in one- 
fourth the time employed in the foregoing cases, but the 
gain of time is attended with a loss of load, 

3. A horse drawing a load in a cart on the common 
road, — A horse, in this case, exerts a traction of 156 lbs. 
over the distance of 18 miles in a day of 8 hours long. 
The coefficient of friction being taken at y^, 

The effective load drawn 18 miles « 166 x 16 = 2,496 lbs. 

4. A horse drawing a load on the railway. — Assuming 
the same conditions as in No. 3, and taking the coefficient 
of friction on the rail to be -^^, or 8 lbs. per ton, we get— 

The eff.ctive load drawn for 18 miles = 166 x 280 = 43,680 lbs. 

5. A horse towing a load in a barge on a canal. — A 
horse, in this case, can draw 44,800 lbs. 18 miles in one 
day of 8 hours long — that is : 

The effective load drawn 18 miles « 44,800 lbs. 

6. Load due to a steam-horse. — The load due to a steam- 
horse would be somewhat different. A steam-horse pe^ 
forms 33,000 units of work per minute. 
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.*. The work of a steam-horse in 8 hours » 33,000 x 60 x 8 

W 
The work of resistance over 18 miles » kqa ^ ^>^^^ ^ ^^ 

•'• — X 5,280 X 18 = 33,000 x 60 x 8 
280 

„, 33,000 X 60 X 280 X 8 

W= -^5,-2807-18 -^«'««« ^^- 

— ^which is the effective load moved in this case. 

Here it will be observed that the load moved increases 
y ^th the time, or, in other words, it is inversely as the 
speed. 

Summary of Results, 

Taking the load transported by the packhorse as unity, 
we find the ratios of the loads transported by the different 
systems as follows : — 

1. A packhorse with a load on his back . 333 : 333, or as 1 : 1 

2. A horse in a stage-coach on the common road . 333 : 944, or 1 : 2*8 

3. A horse in a waggon on the „ „ . 333 : 2,496, or 1 : 7'5 
4:. A horse drawing a waggon on a railway . 333 : 43,680, or 1 : 131*1 

5. A horse towing a barge on a canal . 333 : 44,800, or 1 : 134*5 

6. A steam-horse 333 : 46,666, or 1 : 1401 

We have, therefore, the following relative proportions 
of work done by a single horse under the different con- 
ditions in which his power is applied, as under : — 

1. The packhorse as represented by . . .1*0 

2. The coach-horse „ „ . . . . 2*8 

3. The horse in a waggon, „ . . . .7*5 

4. The horse on a railway, „ . . . . 131*1 

5. The horse on a canal, » • ... 134*5 

6. The steam-horse, „ . . . . 1401 

These results are obtained on the supposition that the 
above ratios represent the utmost labour a horse can per- 
fonn in one day in his differently-applied forms of 
transport. 

For law speeds, f=: 250— 4 If r, expresses the relation 
between t, the traction of a horse in lbs., and r, the rate in 
miles per hour at which the horse travels. 

It results from this formula, that a horse performs the 
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greatest amount of work when he travels at the rate ofl 
three miles an hour, and with thia speed he performs 
standard unit of horse-powerj or 33^000 units of work per' 
minute* 

In the foregoing calculation it will be obBerved that 
the maximum of work done hj a single horse is in favouf J 
of towing a loaded boat at a slow speed on a canal j aBdj 
the worst application of his power is when he carries th& 
load on his back^ being in the ratio of 1 : 134'5j as shoi« 
in the summar j ; or, in other words, he will accomj 
134^ times more useful work in a boat on a canals 
when the weight to be moved is laid on his back. 

It must also be borne in mind that a locomotive goodft-J 

engine at 30 miles an hour exerts a force of 250 horsa 

power^ and that each horse-power in a locomotive j wheii 

measured by timej will do ten times the work of an ordw 

nary horse— -whieh in the case of the stage-coach, wh 

travelling at the rate of 10 miles per hour with a load( 

850 lbs, J is exhausted in one hour; whereas the locomotivd 

horse is fresh at the end of 30 miles, and would go oh 

continuously for a whole day of twenty hours with iti 

energies unimpaired by time or distance. We have then 

fore, in reckoning by the day, to multiply the ratio 

each locomotive horse-power, namely, 140 by 20 

2^800, which raises the locomotive> in comparison wid 

the packhorse, to 2,800 ; 1 : and again, in the rati 

of 2,800 : 134-5, or as 20*8 ; 1 in the case of a ho 

towing the load on a canaL These are some of the changei 

and improvements of transit that have taken place du 

the last 150 years. But they by no means comprise 

whole^ as will be seen in treating of that part of the secon 

division of our subject, which bears upon navigation aii(5 ' 

r advances in practical science. 
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(2) PROGRESSIVE IMPROVEMENT OF SCIENCE AND ART. 

From the days of the Saxons and the invasion of the 
Danes down to the Norman Conquest we could scarcely 
be called a maritime people. A change^ however, took 
place in the time of the Plantagenets, and during the period 
of the Stuarts the country made great progress in the con- 
struction of vessels, whether intended for war or com- 
merce.* But the brightest era of our maritime prosperity 
was during the revolutionary wars with France, when 
the British navy cleared the sea of almost every hostile 
ship, and when the resolute and hardy seamen of our 
fleets were chiefly supplied from the North. The advan- 
tages gained in those days Avere not derivable from any 
superiority of our ships. On the contrary, we were 
behind both the French and the Americans, and our 
success was wholly attributable to the indomitable perse- 
verance and courage of the officers and seamen of the 
fleet. As regards shipbuilding, we got our finest models 
from the French, and that important art was never at a 
lower ebb than during the French war. In the mercan- 
tile service the form of ships was even worse than those 
in the Navy, as the tonnage laws at that time were destruc- 

♦ It may be interesting to notice the state of the Navy as it existed 
during the era of the Stuarts ; and here it will be necessary to observe 
that during the Dutch wars, in which this country was engaged at that 
time, most of the battles were fought at sea. The Dutch were a powerful 
maritime state during the whole of Charles U/s reign, and the equipment 
of fleets and other conditions consequent on these contests were of great 
Talue to the nation, and give it that ascendancy which it has ever since re< 
tained as the leading maritime power of the world. The Dutch wars of the 
nxteenth century, although expensive and often aggressive, were neverthe- 
less of great value in directing the attention of the nation to the important 
advantages of cultivating that branch of the public service on which the 
security and influence of this country chiefly depend, and to which we may 
trace the advancement as well as the greatly-enlarged conditions of our pre- 
sent widespread and still-extending commerce. 

D 2 
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tive of every attempt at impfOTciiieiit. Since the Peace ^ 
of 1815 great changes amd great trnprovements hare been 
effectedj and these may be traced to the introduction of 
&team« From that periodj 181 1, when Henry Bell made 
hiB first excursion with the * Comet ' on the Clyde, we 
may date all tiie improvements that have §ince taken 
place in the form of our ships, and the saving of time in 
the navigation of the seas. The old hulks^ with bluff 
bows and quaint stems, have given way to fine lines of 
entrance in front, so as to cut the water without a ripple, 
and a fine run behind to make her sensitive, and anj3wer 
the helm with a facility" never before attained. In fact, 
the vessels of the present day are what are called clippers, 
and, whether propelled by wind or steam, are of nearly 
double the speed of the old forms. These improvement 
have been effected by the application of science, the b- 
troduction of new principles in shipbuilding, and the re- 
sults are increased speed and increased gaving of money 
and time. 

There cannot exist a doubt that the introduction of 
steam as a propelling power, and the consequent im- 
provement of the forms of shipSj have given a wonderful 
impetus to navigatioUj but the crowning-point was gained 
by the substitution of iron for wood in naval constructioDr 
This took place more than thirty years ago, and I believe 
I may venture to claim some credit, as one of the first that 
applied it on a large scale for seagoing vessels. Since , 
then we have seen the satisfactory results which have 
already been obtained ; and from what is now doing, aii 

to follow in the train of a new system of con-! 
I, both in the war and the mercantile navy, wej 

lect still greater advances. As respects the! 

4 of vessels, we have only to witness the changes] 

Von in the dockyards of every nation, to be I 

value, and to be assured of the est 
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lishment of a new era in the history of the war-mariiie of 
this and every other country. This revolution does not 
apply exctiisirely to h'on a^ a substitute for wood in the 
construction of ships ; but the sides of our vessels of 
war being encased in iron from five to six inches thick, 
both above and below the water-line, are rendered im* 
pregnable to the heaviest guns and i?hot now in use* To 
what extent the power of onlnance may yet be carried is 
not for nie to determine j but guns^ like sliips, are pro- 
gressing in about the same mtio, and probably the time 
is not far distant when we may calculate on the resistance 
of the armour-plate being equal to the force of tlie pro- 
jectile. In this balance of force to resistance it will re- 
quire larger guns, such as a 500 or 600 lb, shot or shell, at 
a velocity of 1,400 or 1,500 feet per second, to penetrate 
at close quarters the tliickest armour-phites, and lodge its 
contents in the interior of the ship. 

It will be noticed, from what has been said, that im- 
provements have been eifected, and facilities afforded 
for the transit of passengers and goods, both by gea 
and land, greatly beyond the expectations of the most 
sanguine* But we may go further, and predict even more 
extended developments, till we arrive at the point when 
we may venture to think that the dreams of the ^ Arabian 
Xight^ ' are realised. The locomotive and the iron steam- 
ship have approached those imaginary flights, and he must 
be a bold man indeed who asserts that the human mind 
has reached the summit of its powers and can go no fur- 
then This is, however, fortunately not the case^ as 
the principles of science are founded on natural laws, are 
still open for research, and I am fully persuaded we shall 
find them inexhaustible to the end of time. 

Irrespective of what has been done for civilisation in 
the shape of rapid and quick transit, we have also been 
increasing our knowledge and enlarging our capacities^ 
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hj the facilitiee which inechanical inventions and chemical 
discoveries ha^'e affoi^ed for the production of inanufac*J 
tures of every description. It will not be necessary io\ 
jiomt out what has been done in cotton and the textile 
manufactures of the country generally j these have been 
as important as those of tran sport j and we have only to 
refer to the commencement of the present century to 
know that the skill and manufacturing energies of this 
country have been equal to anything that has yet been 
done in any other department of science applied to 
industrial arts. The cotton manufacture of this coun^ 
hag quadrupled in extent within the last thirty years^ 
those of flax J silk, and wool have increased in nearly a 
similar ratio; and but for the unfortunate war in America 
we should have accelerated the amount of productioni 
accompanied with improvements in the manufacture^ ofi 
great value to the country. Let us, however j hope th 
the present troubles may be suggestive of better times, and 
that we may again hear the busy hum of tlie spindle and 
the equally agreeable tran&fer of the shuttle through 
shed of the loom. 

When we contemplate the works that have been 
complished by science applied to mechanics^ we must no^ 
forget what has been done by the chemist, as joint 
operator with tlie engineer^ in the discovery and appIica-J 
tion of Gas to the various purposes of public and domestie 
use. Many of us remember tb e time of its first i ntroductioB^ 
when the late William Murdoch first lighted his own house, 
(then^Sohoj at Bimringham)^ and ultimately Philips anjj 
Lee's mill at Sal ford, about the year 1804, Subsequently™ 
it was introduced to illuminate the streets^ and now it is 
rendered subservient to light the carriages of railway-j 

'na* much to the comfort and enjoyment of those who 
! by night. To William Murdoch the country i^i 
ed for the mechanical appliances and development 
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of Gas as an illuminating power; and when we look at the 
cleanliness^ brilliancv, and security which it affords against 
fire J we are impressed with feelings of gratitude to the 
man who was the finit to apply st) cheerful and so brilliant 
a substitute for the pale and quivering light of the lamp 
and the farthing candle* 

After Gas and Railways followed the Electric Tele- 
graphj and here we are h)St in amazement at the wonderful 
change the latter has prwlueedi When we contemplate the 
elements of heat — ii^ it be an element — and its repulsive 
action upon the molecules of matter^ we are unable tv 
account for the causes of its action j and the force produced 
by the enlargement and contraction of the atoms of bodies 
subjected to its influence. What relation electricity and 
magnetism have to heat has not been actually determined, 
or whether they are only modifications of the same element 
is uncertain J there being no experiments calculated to 
lead to conclusions of snch vast importance to science* 

Notwithstanding the imperfect state of our knowledge 
of electricity, we have attained sufficient experience 
to be aware of its existence and universal diffusion 
throughout nature ; and we have been enabled not only 
to detect its presence, but have converted its action into 
a variety of useful purjMJses, and amongst others, that of 
being the vehicle of almost instantaneous communication 
between individuals at a distance from each other, 
and between the inhabitants of one country and ano* 
ther. We have moreover, by experiment and research 
into the properties of matter, found in the conducting 
powers of metals a ready and unbroken line of transmis- 
sion—or, in other words, a single wire of copper or iron is 
sufficient to transmit a stream or current of this subtle 
fluid, with one-and-a-half times the velocity of light, to 
a distance of several thousand miles. This achievement 
of science would in itself be comparatively of little value. 
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if it were not for the distiirbances or pixlsations produced 
upon an instrument to which the conducting wires are 
attached at the termini at either end ; and it is at the ex* 
tremitiea of the wire that the ingenuity of man^ guided fay 
the unerring laws of nature, converts these pulsations into 
wordsj and reads off dail }% on a large scale, not only private 
messageB but long speech es, such b& are now transmitted 
daily from the metropolis to the remotest parts of the king- 
dom. These iuHtrumentSjinsulators^and wires of the electrir 
telegraph are amongst the greatest achievements of the 
age; and we have to thank our own countryman, Professor 
Wheatiitonej and others for the discoveries and services 
rendered to this important branch of science, which con- 
tributes so largely to the welfare and security of mankind. 
To the rapid communication of thought on land may be 
added other contrivances, by which a similar line of transit 
IB submerged at the bottom of the ocean at depths varying 
from 2jOOO to 3,000 fathoms. Here the slender wires, 
covered with an insulating material to prevent their contact 
with water or earth (which being conductors would carry off 
the currents) are entombed, but not defunct, as they retain 
sufficient vitality to guide and transmit the same electric 
force to the extent of some thousands of miles backwards 
and forwards from one extremity of the wire to the other, 
It is thus that we have estabHsbed communications 
almost every clime and every civilised nation in the world, 
and the time is probably not far distant when we may 
exchange words of import between this country and the 
New World on the other side of the Atlantic, These are 
some of the results of the present age, to which we an 
indebted for the numerous physical and intellectual benefi 
we now enjoy ; and if we add to those already e numeral 
1$ advantages of the Penny Post, we arrive at a peri^ 
* history of science that has revolutionised the habits 
oms of the world. 
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Having thus stated, however im perfectly , the change? 
that have been effected by the application of science to 
the useful artij let us in our last division trace — 

(3) THE INFLUENCE OF THE rROGRESS OF SCIENCE ANB 
AET OH SOCIETY. 

The close of the last cetitiuy found this and other 
countries in Europe at war, but advancing in civilisation. 

The laws* although sanguinary in character^ afforded pro- 
tection ; but science and art had made little or no pro- 
gress during the antecedent period, and the people of 
this kingdom were deficient in intelligence and in those 
arts which have since contributed so much to the benefit 
of the community. At that time the steam-engine was 
'scarcely knowTi, mannfactures were limited and compara- 
tively unproductive, gas and steam-navigation had not 
been thought of, and railways, electnc telegraphs, and 
the penny-post had no existence. In fact, all these dis- 
coveries and inventions are of recent date, and it is this 
generation and others yet to come that are destined to 
reap the benefits likely to flow from an age wherein the 
triumphs of science have been unequalled and unparalleled 
in the history of nations- 

The influence which these discoveries have had upon 
the present and, as may reasonably be inferred, will have 
upon future generations is enonnously great. We can now 
manufacture by steam-power to any extent : the mineral 
resources of this country T^ithin reach are almost in- 
exhaustible^ and the improved condition of the people fits 
them for an onward progress in all those industrial arts 
which contribute so largely to the wealth and prosperity 
*if the country. ^\Tien we consider these things, and 
look back to what we were and what we now are, we 
have reason to be thankful that we were born in an age 
of progress, and that we have been witnesses to the in- 
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trodttctioB of the first principles of science applied to tk 
purposes of everyday existencet 

We have enumerated a few of the conditions which the 
advancemeut of our knowledge of science and art has be- 
queathed to the communit jj and even these are far short of 
embracing the whole of the mflueiices which the improved 
state of our knowledge has exercised over the iuteUi- 
gence, comforts, and enjoyments of the great mass of the 
people. These improvements alone have developed in- 
creased intelligence^ and caused a higher standard of 
character to pervade the homes of the lower and middle 
classes. The sphere of education has been greatly en- 
larged, and the moral condition of the people has been 
and still continues to be on the advance. This applica- 
tion of science to the natural and industrial resources of: 
the country has, moreoverj been of great value in stunu- 
lating the energies of all classes to still further appli 
cationa, and the rate of progress has been wonderfuUT 
augmented in giving useful and profitable employment to 
the manufacturer and the artisan. On this question w^ 
have only to compare the amount of our commerce and the 
extent of our trade at the commencement of the century 
with its present increase^ and the results will at once ii 
termine the influence which this acquisition of knowledj 
has had upon the enterprise and productive industry 
the nation. The fact is j as I have before stated, that thi 
new state of things baa more than quadrujJed the pi 
duetive powers of the country, and these active agenci^ 
have diffused a spirit of intelligence amongst all classes 
the community. 
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LECTURE IIL 

ON LABOUR: ITS INFLCEKCE AND ACHIEVEMENTS.* 

When we consider the great objects of life, and what 
nature intended we should effect by labour, we arrive at the 
conclusion that we must work if we intend to live* Tlus 
law applies to all conditions of men, i'rom the savage to the 
highest state of refinement. The Great Author of Nature 
has evidently so constituted our tiiind^ and bodies that we 
shonld be dependent on labour for our subsistence, — hence 
the variety and abundance of material that has been placed 
at our disposal, and the wide field provided for the scene of 
our exertions. With the care of a parent over His children, 
the Creator of all things has not only stored the earth on 
which we live with the means necessary for our support, 
but He has bestowed upon it the stamp of Ahnighty 
power and the iital principle of life, in order that we 
may inherit all the advantages of an honest and produc- 
tive industry. In the supply of such ample resources, 
the design evidently was that we should be dependent 
on our exertions, powers of application, and indui^try for 
the 0upj>ort and enjoyments of life ; and hence the necessity 
of labour J which from the beginning of time has been the 
inheritance of all created beings. But we are not alone in 
tlie exercise of this jninciplej aa the whole of animated 
nature, from the smallest insect to the largest quadruped, 

* DpliTered to the memberB of the Mechanics* Inatitutei Bolton. 
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has been doomed to follow the ^ame underrating course of 
labour in order to exist- We obserre its coustaut exerciBe 
in the antj the bee, and the beaver, and it is equally pro- 
minent in the larger animaU; so that to li%*e we must 
work J and there appears to be no living creature exempt 
from this general and universal law. Let us, thereforfij 
endeavour in this inquiry to investigate in how far 
and to what extent a man is bound to fulfil the duties 
which nature has imposed upon him by a cheerful, 
ardent j and honourable pursuit of labour. I therefore 
venture to invite your attention, whilst I endeavour to 
ehow in what consists the peculiar properties of labour, 
as it applies to the different pursuits in which we are en- 
gaged , and its high and important duties ^ considered io 
our several capacities as individuals, and also as members 
of the great community of which we form a part. 

Id the discussion of this subject it wiU be necessary tfi 
divide it into two distinct heads — vk,^ mental and phyncal 
labour J and, moreover, it may be expedient still furtlier 
to subdivide it into skilled and unskiiled labour. In thia 
arrangement I shall endeavour to impress on your minds 
— Ist, That labour^ of whatever kind it may be^ is essential 
to our existence; 2ndly, That its influences are felt and 
appreciated by our iramediat-e connections and by society; 
3rdly, That it contributes to the comforts and enjoyments 
of life ; and lastly, That its exercise is conducive to healtbt 
and is of inestimable value as regards our individual hap- 
piness. These are the chief points to which I have to 
direct your attention^ and I hope I may be able to recon* 
cile you not only to its duties, but to render it a pleasing 
and agreeable obligation which we owe to ourselves, to. 
our families, and to society. 

First, then, let us consider what is termed mental labi 
"^ ^hat faculty which comprises the exercise of the mi] 
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or those fuuctiona bj wliich we become cooscioua and 
receive impressions through the senses. Now, this de^crip* 
tion of labour is one of the most important to which the 
human mind can be applied, as it involves the well 
being of society, and the happiness^ utility, and comfort 
of individuals during the whole career of life* Every- 
thing, in fact, depende ujxjn the state of the mind, how it 
is formed, what impressions it receives in early training, 
futid how it may subsequently be applied for the moral 
and physical benefit of its possessor. There cannot exist 
a doubt as to the influence such early impressions have 
upon the individual for good or for evil, and the part he 
may be called upon to act in human affairs is to a great 
eiient governed by them* Considerations of this kind 
are not always taken into account in the education of 
children, and the residt is what is graphically described 
by ao able writer on education : namely, * that a child's 
brain at a very early age becomes a receptacle of facts 
and ideas to which at the time it attaches no importance^ — 
in reality ^ is scarcely aware that it has received them into 
the storehouse of its intellect ; but being there stored, I 
believe such facts and ideas are not lost : they may re- 
main apparently dormant for a time, but they have still 
that amount of vitality which awaits only its season for a 
good and sometimes a very inconvenient development, 
I hold that an idea thus received, although at the time 
the age of the child would forbid anything like a reason- 
able aceejitance of its meanings has notmthstanding a 
future influence ujxm it — at least thus far, that at a more 
advanced age it can develops it for good or oil j as it may 
be, and does often do so,' This opinion may be held 
to assume that the brain is, after a fashion, a material 
on which facts and ideas, coming through the senses, 
engrave themselves upon it, and so remain as written 
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matter, awaiting a time when the advanced cunditioD of 
the child's understanding gives it power to read and apply 
them,* 

* There cantiut axiAt a daaht aB to the ftmt^tious of the bram, und tk 
constructive t^liaract^r of the fl^naea by Trhieh it ia supplied with ideaa. 
The first presents itself m the great T€<^ipieut of our ooHL^Bptions ; aoid thf 
latter the InletB by which they ajre received, mapped ^ and recorded, m order 
to be preserved and stored in that great mpniul reservoir for the benefit of 
the jndividuiil, and of those whom he may influence during the oidiiwiy 
intercourae of Hfe. The powers of discrimination, Helectjoa, and com- 
padson seem to rest eintirclj with the brain. The sen^^ are appareDtlj 
subordinates, and may be considered as merely tbe tributary oigBAi of 
Bapply in furaiiibing muteriul to that great laboratory of the human miJMli 
which, by a process of analysis unknown to an atomistic, aelet^s and wparat** 
th*? ideas whidi enttir into the ordinary and citraordinary transactlcai of 
life, 

Att-empts have been made to clasaily vmd divide the bram into diatuKt 
dflpuTtmentsT for the purpoife of showing in what th^ tastes and piopeiiiiti«» 
of individuala consist^ but I beli^^vo we have no facts on which we can relj 
for such a division ; and notwithstanding thnt phxenologista have writtefi 
and lectured for the last half-century, we are still as ignorant u« f^ver at to 
the int*41eetmil procesH by which that important organ conducts the poweis 
of reasoning, and fits us, through the powers of speech, to eontmunicate and 
cultivate conceptions useful to ourselTcs, and we trust beneficial to othas. 
It is true that phrt^nolo^sla assert that we have evideneem of tbe working of 
the brain from tfap enlargement and form of the eraninnij and that theide&E 
which are most active ane supposed to enlarge or protrude those parts of 
the skull in their immediate viduity of a<!tion- This would be a most ctirioua 
and most btertsting question if trnej hut we have no proof that such is tb« 
ease ; ab there appt^ars to be nothing like facts to show that certain ideas fti« 
located in certain parts of the brain, and anatomiBtti are agreed that thctt 
ftr« no such divisions* As to the brain itself, it consists, according to ani' 
tomists, of two principal parts, which are duplet — the cerebrum and iff*- 
hellii/ft, or great and little brain — and of the medulla ohhngat&, which is 
Bingle. As far as we know, every part of the brain is employed in the per* 
JbrniaDce of each function, and therefore to attribute separate functions to 
neparate organs is neither more nor le^s than au unattested assertion* It 
cannot be denied that we have variously formed heads ; but these forma- 
tions eannot^as far as I know^be traced to the internal working of snj 
portion or any part of the brain. On the contrary, the brain follows iJm* 
law of growth in common with every otlier part of the body ■ and we 
bttit perform our duty by studying its functions, and endeavoiiring to 
ninh it with a store of useful ideas^ to enlarge its capacity, and fit it for 
urdinary duties of lite, 
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In confirmatiou of these views, I firmly believe that 
the future of the man may be traced to impressions on the 
brain received in childhood ; and it belioves parents to be 
careful to whom thej entrust the education of their chil* 
dren, in order that the youthful mind may be stored with 
ideas adapted to its perceptions and to its future career in 
hfe. To mothers of the working-clal^S5 in particular, it 
appears most desirable that they should study for them- 
eelveSj so to govern their tempers, actionsj and conversa- 
tion j as to produce such impressions on the minds of their 
children* as may leatl to a true and correct sense of the 
obligations they owe to truth and that integrity of cha- 
racter which marks the conduct of the intelligent and 
hardworking poor^ These considerations are all-impor- 
tant to the working-man in the selection of a wife. He 
should never lose sight of the i Jea that she is the instruc- 
tress and schoolmistress of his family — that her example, 
conversation^ and bearing is what her children will imitate : 
and^ be it for good or for evil, children will inherit to a 
greater or lees degree the impressions they receive in that 
stage of early culture, which more immediately belongs to 
the mother than the father of a family. A father is never- 
thelesSj according to my opinion, by no means exempt 
from his share of domestic duties, nor of w^hat is due to 
a good and virtuous wife in the training of his children. 
In this fortunate position he is bound in duty, indepen- 
dent of his outdoor labour, to give his affectionate and 
willing support — to encourage, by tenderness and care, the 
good work she has in hand ; and at a more advanced 
stage to confirm, by his assistance and example, the truth- 
ful moral principles first establitshed in the mind of the 
child by the mother* 

The acquisition of knowledge, or ideas impressed upon 
the mind, is not acquired without labour ; and ita subse^ 
quent application, arising from thought, when directed to 
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, science or the social purposes of lifej is what may be called 
[mental laboutj in contradistinction to what is generally 
known m physical exertion. Every description of labour 
is, however J commendable when it has for its object the j 
increase and maintenance of our intellectual and industrial ■ 
resources, and the man who applies it for the purposes of " 
instruction deserves well of his country and the society in 
which he moves. Mental exertion is that kind of labour by 
which we arrive at certain definite ideas, which retained 
in the mind, or carried into effect for a particular purpose, 
will produce certain results ; or, in other words, they^ form 
such a combination of ideas as are calculated to enlarge our 
conceptions by the creation of other ideas, which not un- 
frequently occxn" to the studious in the pursuit of knowledge 
Ideas or emanations of the brain, arising from study j 
thought, may also be considered as mental labour, i 
belong chiefly to men of literary and scientific attaint 
ments, or to the learned professions, where the exercise of ^ 
intuitive perception and a sound judgment are the only 
true harbingers of truthp We must, however, remembe] 
that these functions are present in a greater or less degree 
in every description of labour, whether it be mental or 
physical ; as no man has the power of muscular exertion 
without the exercise of the mind, which gives the will to 
the act, and regulates the movement of the muscles by 
which that act is performed. It is obviously correct that 
we may be unconscious at the time of an act of volition— 
as hi locomotion when walking T^ith a friend, or engaged 
in thought, we are not conscious of the motion of the bod] 
or eaf.':h successive movement of the limbs j yet there ci 
be no doubt that the acts are our own as much as when' 
^ are attending to or conscious of the exertion, and in 
case it depends on ourselves whether w^e continue 
ritinue the motion. If, for example, a man has to 
2h or dig a piece of groiuid, the very movementi 
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of Ms Lands and feet^ and the position^ depths and ske of 
the cut> are determined by the conception which governs 
the forcGj form, and condition under which tho^e move- 
ments are produced* It is true that they require no great 
■jl^ur of the mind to produce them, and may eafely be 
'i!!i?nmdered as cla^^sed under the dcsij^nation of involun- 
tary actions, which are not peculiar to man alone, but 
are present in all animals. There is, therefore* thU <\k- 
tinction between mental and physical labour — namely, 
that of intuitive motion of the muscles, which does not 
embarrass the intellectj in the former ; and in the latter 
those of thought and reflection, which fatigue and some- 
times — when canied to excess — injure tbe functions of 
the brain, 1 have been drawn into these reflections not 
80 much from the desire to show the difference between 
mental and physical labour, as to j>oint out the intellectual 
as well as the physical advantages of labour pursued 
as a duty ; and forcibly to im|)ress Ufyon your minds not 
only that labour is one of the necessities of life, but 
moreover that it is the only true and cheerful companion 
of our existence. 

Having shown that labour is a natural law from wliich 
none of us are exempt, let us now consider how we can 
make it agreeable and usefuL To effect this we must not 
procrastinate in its jierfonnance : procrastination is the 
thief of time, and the general excuse of the indolent and 
the lazy is — * There is p lent t/ of time ; it will do to-morrow,- 
To-morrow comes^ and it will do the next day ; and so on 
it goes till the labour is lost, and the work is never done. 
Now, this is a most unsatisfactory condition of the mind ; as 
it not only deprives us of the reflection of ha™g faithfully 
tod promptly done our duty, but it reproaches us with hav- 
ings from indolence or some other frivolous cause, neglected 
it. But the mischief does not always rest here^ as the 
non-performance of duty at the proper time leads to dia^ 
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order and confusion in our affairs, and produces the samq 
mischief in the affairs of others. Besides, we maj losJ 
from this cause the opportunity of benefithi^ a friend of 
performing a public duty } and again, it is unfair to burden 
to-morrow ivith work that does not belong to it : to charge 
it with labour not it? own is evidently not a fair allotment. 
I would therefore caution yon never to forget tlie value 
of time. Time ia money, and I would advise you to 
make the best use of it : and whatever you have to do, do 
it, according to Scriptural teaching, * with all thy might 
and with all thy heart,' and it will be well done. As labour 
appears to be the lot of all created beings j and as it i& 
essential to health and happiness, we ought to hail it q^ of 
inestimable vahie, and moreover we should lose no oppor- 
tunity of making it useful in our different positions of social 
intercourse. We complain of lassitude and fatigue ai^er 
long-continued exertioUj but this feeling ap])lies to the 
brain as well as to the organisms of the body ; and nature, 
ever true to her task^ provides a remedy for the spontane- 
ous and willing discharge of both mental and physical exer- 
tion. A few hours' repose not only restores the exhausted 
system, but comes upon us with a pleasurable sensation 
and a degree of soothing softness, which we cannot too 
highly appreciate as a boon from nature and a relief to all 
our toils. That restoring principle of refreshing rest ia 
an ample compensation for all our labonrs, and these 
alternate changes from labour to rest, and from rest to 
labour, are €>f themselves the reward and solace of life. 
But this is not all^ as an honest discharge of the duty of 
labour engenders feelings of satisfaction and repose. It 
claims for itself reflections of the most pleasing deacrip- 
tion, and enables us to look back upon the performance of 
JB|dactions--freely and disinterestedly performed — with 
^^Hb| of gratification which cannot be too highly pnzedt 
^^^^BeflectionB are always present to the mind of iH 
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honest labourer; and the comiderEtion of its due per- 
fonnance for a long series of years, in the varied duties of 
a BOHj a husband J or a father, is probably one of the 
greatest blessings that can be eonfeired on the infirmities 
of age. 

These appear to me to be some of the intellectual 
results of labour; but, according to my view, it fur- 
nisheB, in additiun to the results enumerated, rewards of 
a more substantial character, and its discharge is never' 
failing in its tendency to ensure a large and ample retunu 
To illustrate this by example, let us suppose that a 
farmers ^^ cultivator of the soil, prepares his field for 
the reception of the seed. Nature — true to her laws^ — 
rewards his labour by the increased fecundity of die 
soil, which in due time reproduces and multiplies the 
return, in some cases fii'ty and in others an hundredfold. 
Again, if we take the mechanic or the artisan, and exa- 
mine how he is rewarded for his labour, we find that his 
wages are the representatives of as much food, ch^thing, 
and other necessaries as his earnings will purchase ; and 
on many occasions, if he exercises the head as well as 
the hand, his increase of knowledge enhirges his powers 
of production, and he becomes a skilled labourer of much 
greater value to his employers than he otherwise would 
have been in the capacity of a common workman. In 
this position bis wants are better supplied, and he obtains 
die means of procuring not only the necessaries but some- 
times even the luxuries of life. 

Bl^ow these are the points to which I wish to direct your 
Mtention, to stimulate your exertions, and inform your 
minds. I do not wish to see the , working-man a mere 
machine, but an intelligent and a thinking being ; and I 
am sure he will best consult his own happiness if be studies 
to cultivate his mind, as a safe guide to the skilful oper- 
ations of an intelligent workman. There is no labour r 
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tttre c£ pIijEical force- In ikis we airire at a oooabiiied I 
jnocca a of mental and fikjaaeal ewGi&Hu mnd to tliis point 
I am desiotia €f lanag' tbe &ciihiea of ereiy working<4niii], 
for ihe doable puipose of aiakii^ lum more useful to societT , 
aa well as to thoie witt wHcmqq be ^^ociates and for whom 
te labours There are, howererj ^ome d^criptioiis of 
labotir whic^ do not require much mental exertion; 
and these may be classed in what is called the act of 
jotatioti, or a repetition of the same tiun^ over and orer 
flgaiJi, To this cbiss we mav safely appropriate manu- 
factures produced by automaton machinery— such as the 
Bteam-eugiDe.* the water-wheelj and every other descrip- 
licxEi of eeif-acting tool or machine which does the work 
without the as^stance of the human baud, and which 
requires simply the process of feeding aud attention to 
continue its progress in the fulfilment of the duties it waa 
intended to perform. This kind of labour is to eome extent 
monotonous^ but the attendant's mind is greatly relieved 
by the combination of motions and the exactitude with 
which the work is performed ; and no man of thout^ht or 
reflection can witness the complicated movements of the 
Bteam-engine, the spinning-mule, and many other machines 
of the self-acting kind, but must ponder and think how 
these things are accomplished, and how beautifully they 
lect the objects for which they were constructed. 
In this sketch I have endeavoured to show the uses and 
value of labour; let us now consider wherein consist its 
influences, and to what extent it is beneficial to the etm- 
n*unity. Labour in this respect is productive of much 
0,8 its Influences extend to all classes in promoting* 
cnmlation and enterprise, and a desire to rise in 



ITS INFLUENCE AKD ACHIEVEMEXTS. 



53 






lie estimation of our fellow-meo- It stimulates our exei> 
iong to obtain knowledge, to increase our wealth, and 
\ii attain distinction in our respective professional callings. 
These are the offspring of labour, and there is no denying 
iat their influences are snch that mos^t of us will make any 
"sacrifice to attain consideration in the eyes of the world. 
The senator J the soldi er^ and the sailor will labour at the 
risk of their lives to attain that object. And when this iB 
done from an ardent love of his country, its government^ 
lawBj and institutionSj it becomes an honourable ambition 
which deserves public aeknowledgment,and to which every* 
one is entitled who is willing to make such a sacrifice in 
I the path of duty. That labour influences all classes of men 
I does not admit of doubt* We may select, for example, a 
young man of character, commencing his professional 
^^career with a desire to better hia condition j and to attain 
^Bpbr himself a name for probity of character and un- 
^nSring perseverance ; in fact, we may supjiose him to be 
amhitiouSj full of energy, and a determination to conquer 
1 every difficulty, and to attain the object for which he 
! labours. Now in cases of this kind every right-minded 
pei-son will applaud and promote his exertions, and will 
j render him assistance in the laudable and good work he 
has before him. Such a man is an exception to the 
I general rule, but there are such persona, and they seldom 
^HT ever fail to make an impression, and produce influences 
^^vhich leave their marks upon society for succeeding 
generations to imitate. Let me hope that in this assem- 
blage there are persons of that claas^ — young men of 
energetic minds, endowed with a spirit of perseverance^ 
I and fired with an ardent desire to distinguish yourselves 
^B|6 benefactors to mankind, 

^^ Independently of what may be done by individual exer- 
tions in the pui-suit of an honourable and useful industry, 
there are other considerations and influences to which I 
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would refer, as aflFecting a wider circle than the narroif ^ 
range of our own immediate friends j for the career of a 
laborious and industrious life, when presented to the worlds 
is not without its influences on society* This becomes tlie 
more evident, as such a life presents for imitation a rule of 
action which never fails to make an impression upon the 
minds of a rising generation. The spread of knowledge and , 
the influence of example have therefore much to do in^ 
the formation of character* Thej become almost identical^ 
with the interests of labour j and the man who works hard 
in the pursuit of an honourable and an approving duty 
will best consult his own happiness and the interests of 
society, 

Beiiire I conclude, permit me to lay before you what 
consider to be the result of all this hard work, this constant 
toil, that I have been ciideavouriug to iirge upon your 
attention. In the title of this paper I have called it * The 
Achievements of Labour,' and I think it an appropriate 
term, as it indicates work, or something to be done. Il 
also implies reward, or some other advantage, as a (^m- 
pensation for the time and exertion bestowed upon it. 
That this is actually the case we have abundant proofs, 
as there is no labour without results; and these are 
numerous, interesting, and conclusive, that I have only 
mention a few of them to convince you that in every brand 
of industry, iu every honourable pursuit, hihour is not 
without its reward. Let us refer to a few of the more 
prominent cases : and without going back to the labours oi 
the lieathen philosophers, we have in modem times man; 
triumphant examples of the achievements of labour in 
science and art, li-om the days of Galileo's discoveries 
j those of more recent date. The labours of that 
1 xuiBhed love of science have led to discoveries of tlie 

L portant description. Happening to be one day 

^H *tropoIitan church of Pisa, he remarked tii&' 
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regular and periodical movement of a lamp suspended 
from the roof of the cathedral- He also observed the 
equal duration of its oscillations, whether great or small ; 
and afterwards, hj repeated experiments, he perceived 
the use to which it mir^ht be applied for the e:cact 
measurement of time. The idea was, fifty years after- 
wards, applied in the pendulum to the construction of 
clocks, now in universal use. The hydrostatic balance 
also, for weighing bodies successively in air and water, 
owes its origin to Galileo* The thermometerj as a correct 
measure of temperature, sprang fi^m the same fertile 
brain, and the sector, intended for the use of niilitarj* engi- 
neers> flowed from the same source. AU these important 
discoveries were the rewards of labour and deep research ; 
but his crowning effort was the invention of the telescope, 
which, applied to celestial phenomena, enables us to pene- 
trate into space, has extended our knowledge of the hea- 
venly bodies, and elevated our conceptions of the infinite 
wisdom and power of the Grreat liuler of the universe* 

It would occupy too much of your time to enlarge upon 
the labours and discoveries of Grali|po. You may rest 
assured they were incessant -, and w^hen I tell you that he 
died at the advanced age of seventy-eight — the very 
j^ear on which his successc»r ( Sir Isaac Newton) was bom — 
you will |)erceive that liis numerous discoveries w^ere soon 
to b e rendered practical 1 y usef uL Ne wton , like G al i 1 eo , w as 
the first to establish the refrangibility of the rays of light, 
and his idea oi' gravity as the cause of celestial motion was 
discovered in the year 1666. When sitting in his garden at 
Woolsthoq>e, the doctrine of universal gravitation took 
possession of his mind — as it is said — from the falling of 
an apple. This idea never left him until he had proved 
^ that every particle of matter is attracted by gravitation 
to every other pailicle of matter, with a force inversely 
proportional to the square of the distance.' This great dis- 




m 



ON LABOUR: 



covety and its application to the morements of the planetary 
system are not only well known to astronomera and men | 
of science, hut are familiar to most persons, and therefore 
require no further illustration in this place, Newtun, 
during a long and useful lifej laboured hard in the field 
of Bcicncej and his discoveries in optica and chemiBtry are 
80 important as fully to justify what ia now in%'ariably 
understood and generally considered as the foundation of , 
the Newtonian philosophy* 

In addition to the great names I have mentioned, allow 
me to state that the labours and discoveries of the present 
day are not behind^ if they are not considerably in ad- 
vance of, any previous age in the history of science and 
the useful arts. We have recorded some of the works 
and discoveries of a former period ; but if we compare 
them with the changes, discoveries, and inventions that 
have taken place from the intrfxluction of the steam- 
engine to the present time, we arrive at the conclusion tbat^ 
the minds of men have not deteriorated, but are greatly^ 
enlarged in those departments of science which have led to 
such wonderiul results. Let us examine into the labours J 
of some few of our immediate predecessora and some of o^iiW 
contemporaries J and we shall find that more has been done 
—with all due respect for the great names I have mentioned 
^—during the last eighty years for the benefit of mankind, 
than ever was accomplished at any previous period iti the 
histoiy of the world. Look at the labours of James Watt, j 
and observe with what assiduity and perseverance he pur- 
sued the object of hia ambition — with what skill and patient 
research he studied to ascertain the force, denaity, and other 
propeitiea of evaporated water — and the high order of nuad 
which he brought to bear on latent heat, and the law§ by 
which the procuration and use of steam were governed ! 
The^ important researches led to results of which 
I 1 now reap the benefit, hut it is not to them ijone that 
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we have to refer ; there exists a still higher order of in- 
tellect, which he brought to bear on the mechanism of his 
engine. His invention of the separate condenser, the sun- 
and-planet and parallel motions, and the governor, by 
which the whole of these beautiful movements are regu- 
lated, are sufficient to immortalise James Watt as one of 
the first benefactors of the human race. The steam- 
engine, and its application as a motive power to every 
description of manufacture, has increased the resources of 
this and other countries beyond our most sanguine expec- 
tations, and its results are without a parallel in the history 
of nations. It has been applied to navigation with a force 
and efficiency that sets wind and tide at defiance ; and it 
has opened up and brought into direct communication the 
inhabitants of other countries, that are separated from us 
by wide and pathless oceans. To the labours and fertile 
brain of Watt may safely be attributed these results, and 
to the same intellect and those of his able successors we 
may trace its introduction to locomotion and the railway 
system, so energetically and perseveringly forced upon 
the public by an old friend of my own, the late George 
Stephenson. 

George Stephenson, although the Father of Railways, 
could scarcely be called an inventor or a man of great in- 
tellectual capacity. He was, however, equally useful and 
equally successful in all his pursuits ; and we have only 
to witness the result of his labours on the Killingworth, 
Darlington, and Liverpool and Manchester Railways, to 
accord to him the merit of a hard worker, a distinguished 
engineer, and a man of indomitable perseverance, to whom 
we are indebted for the first successful railway worked by 
locomotives. Since that time many improvements and 
many discoveries have been introduced. 

We are all of us intimately acquainted with what ex- 
actitude the great luminary of our planetary system is — 
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by his radiant powers of arrested Kght — converted into an 
artist true to nature in the minutest details ; giving to us 
that beauty of form which, in landscapes and many other 
objects, are by this process so elaborately and faithfully 
portrayed. In other words, the light of the sun is, by a 
simple chemical process, made to imprint with minute ex- 
actitude, on a properly-prepared surface, every object that 
is brought within its influence in the focus of a camera- 
obscura. 

In this discourse I have endeavoured to establish—;/?r*<, 
that labour is inherent in man and in animals ; secondly, that 
its use is important and ought to be cultivated ; thirdly, that 
its influence is powerful and effective ; and lastly, that its 
achievements are great. These are the results of labour, 
and I recommend them to you as your best hopes and 
your only true and faithful companions through life. 
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LECTURE IV. 

ON LITERARY AND SCIENTIFIC INSTITUTIONS.* 

Having been called on by your Directors to offer for 
)ur consideration a few remarks on the institution we 
•e met this day to inaugurate, I have, in compliance with 
lat request, in the first place to congratulate you on the 
ighly gratifying sight of so large and so influential an 
Jsembly. To myself this highly respectable meeting is 
le more encouraging, as it shows a determination on 
our part to carry out tq the fullest extent the objects 
ontemplated by the originators of this institution. As a 
branger to the local interests and necessities of the town, 
am not the person to judge of the expediency of such 
n undertaking. But this I know, that the establishment 
f an Athenaeum in the centre of this important and 
ising community must prove highly advantageous, and 
oubtless will produce the most salutary effects upon the 
^habitants of the district. It will, moreover, be a point of 
ttraction to visitors who, in search of health or pleasure, 
aay fix their residence in your town. The mildness of 
he climate, the salubrity of the air, and, above all, the 
5ood feeling and hospitality of the inhabitants, aided, as 
1- hope they will be, by the intellectual resources of your 
A^thenaeum, are inducements that are certain to be ap- 
pi^eciated ; and I look forward with certainty and satis- 

An Address delivered at the inauguratioii of the Southport AthensBiUD 
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faction to the results of this meeting, as commencing a 
new era in the history of Soiithport< 

I well remember in early life, when my family were 
yonngj and when we made an annual visit to Southpnrt, 
that there wa^ no Esplanade, no Pierj and no Athenaeum ; 
in fact, I much question whether there was a public 
library in the whole town. The sandhills were, however, 
more numerous, and so close at hand that the fresh fist 
of those days was always in season if the wind happened 
to blow from the west or south-west Antecedent ta 
that time (I believe about the year 1796), an old frieml 
of mine used to tell that he visited Soutliport when therfi, 
were not a dozen houses on the spot which now coutaii 
12,000 mhabitants; and that there was such a want of 
accommodation that he had to sleep in the hayloft of the 
only existing inn, at the south end of the village. In m] 
own time the only house of entertainment was that of ol 
Harry Rimmer; and aa Harry played the fiddle, hi 
visitors never failed to have a dance on the green. Tlies< 
primitive days are, however^ gone ; and those of model 
Southport have brought with them all the luxuries m 
endowments of a rising and flourishing community. I dqi 
not, however, dwell on the past ; it will be more cheeriii| 
and more acceptable to look to the future. I am, indeed, t" 
magician to divine, or prophet to foresee, what the future 
may bring forth ; but I think I may venture to predict 
for Southport an increase of wealth and a continuance of 
prosperity. I might use the phrase 'a finished town'— but 
that time may be distant : what we have to deal with at 
present, is to attain the elements of success, and the esta- 
blishment and endowment of institutions like the presentj 
calculated to attract the stranger, and furnish the man^ 
of intellectual improvement. All these things the pJ^st 
and present history of Southport seem to promise ; sltiiI 
^ve once more to congratulate you on the occamoa d 
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tills meeting, fostered^ as I hope it lias been, by the 
higher aspirations of intellectual culture. 

On a careful perusal of the rules and regulations of 
the institution, it iB distinctly observable that it baa not 
only an object calculated to instruct and amuse, but that 
it is educational J and offers to the young, as well as to 
those who have reached maturity^ a large fund of informa- 
tion in its library^ reading-room, and lectures. These 
are the attractions of your new institution which I hope 
will be fully appreciated, and if properly and judiciously 
employed they will lead to the very best results. I do not 
for a moment suppose that the members who attend the 
library and reading-room are to commence a new system 
of tuition ; but I have reason to believe that a good library 
of well-selected books, a reathng-room, and occasional 
lectures on literature and science, must prove highly bene- 
ficial to the subscribers, and especially to the younger 
branches of the community, who may attend the classes 
and reap the benefit of a strictly educational course. 

Having thus stated the objects of your institution, let us 
now look to its working, and the benefit and instruction 
that may be derived from its establishment in the centre 
of an intelligent although somewhat variable population. 

In this attempt I shall have to adopt a methodical arrange- 
ment, in order to show, as succinctly and m clearly as pos- 
iible, the different stages through which we have to travel 
■Border to attain the object of our search. First, then, 
^kre are in this institution ibur distinct roads by which 
^Bmay obtain knowledge and improve the mind — namely, 
Steading, Conversation, Lectures, and Study. There is 
^?et another, Observation ; but that is not specially encou- 
^■ged by this institution, although it is one of considerable 
^Kpertance as regards the acquisition of knowledge, and 
Hhe of the beet and most agreeable schools in which a 
learner can study — namely, that of a large and extended 
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field of observation. This does not, however^ come tinder j 
any distinct branch of education, but muBt be left to thdl 
taste of the student himself, " 

In my endeavour to inculcate the best and moat direct 
methods of acquiring knowledge, I shall probably have 
to treat of my own personal experience^ to show how I 
became possessed of the little I know, and the methods 
by which it was attained^ You must bear in mind that 
I bad to begin life with few or none of the advantages 
of most of my bearers, and in the absence of elementary 
instruction I had to supply the deficiency by extraordi 
nary eagerness in educational pursuits before I could ps 
the rubicon. I may mention that in ray younger days w< 
had no Mechanics' Institutes^ no Literary Institutes, m 
Athenaiums. Nothing of the sort existed, especially ii 
such a small town as my native place was : and thos* 
young men who were poor had no means of obtaining 
regular education^ being merely taught to read and write, 
and a few of the simplest rules of arithmetic j afterwards 
they had to become their own masters, and teach them- 
selves in every other bi*anch of knowledge* In these pur- 
suits let me observe that self is a capital master ; he i^ 
never absent from his pupil, and is closely identified with 
his success. It is wonderful how the scholar improves, 
and how well he fructifies under so good and so exceUent 
a teacher. Take my word for it, therefore, that there are 
worse masters than self — and that instruction, when pru- 
perly and judiciously applied, will in nine cases out of 
ten lead to honour and distinction. Several of the great 
men of this country have risen to eminence almost exck- 
rively by their own exertions ; and I believe there are no 
instructors so proper^ so powerful, or so successful as we 
are ourselves, when acting as our oivn masters. 

Having thus referred to what may be done by indi- 
Tidualsmtb limited time and limited means, let us consider^ 
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THE ART or READING AND HOW TO READ- 

ReatliBg is an acquired power of the mind, whereby 

h become acquainted with what others have writtenj 

nd with the sentiments and thoughts of the learned 

pen of the worlds almost from tlie beginning of time. 

reading, we are associated with the author in hia 

^liugSj thoughts, and idca^ ; and we naturally lean to hia 

fcasouings and opinion a, provided they briog with them 

onvictions that satiisfy the mind. To be assured that 

uch convictions are founded on truths we must think and 

adge for ourselves J and compare the facts and reasonings 

'the author with our own experience, and the statements 

' others qualified to form an opinion on what they read, 

I icientific subjects the reader can never be at a losSj aa 

these he has to deal with the exact sciences^ wlueh 

' demonstrable when founded on fixed and detennined 

ftws, to which every assumption must yields and with which 

h must make himself acquainted* In this line of read- 

Dg he will find himself amply rewarded for the time and 

Tiuble he has bestowed upon the author, and, moreover^ 

Pe will have the satisfaction of knowing that he has 

^aiured up in his mind a fund of knowledge, t-o which 

be can refer in the various pursuits of study and the 

Unary occurrences of life. In works of Fiction we are 

^n transported into the ideal world, and those fairy 

Scenes which, although beautiful and ethereal, vanish at 

he touch of analysis^ and wliich, delightful as highly- 

Sflished pictures, are better calculated for occasional 

_*omsement than for daily use. Poetry is another attractive 

dy— which also deals largely with the ideal ; and when 

ue to nature, as in Burns, Byron, and Shakepeare, it 

ItultiYates the higher faculties, and expands the intellect 

|*Hd powers of imagination into a region of new creations 

jttemiag with wonder and delight. In the writings of 
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our best poetB we meet with the highest flights of ima- 
gination, and we read them with a delight bordering on 
in^spiration, I well remember my own earlj readings of 
Mil ton J Dry den, and Shakspeare, and others of more 
modern date^ and still retain a lively recollection of thf 
sublime and lofty conceptions of MiltonV ' Paradise Lost* 
For instance J the gifted author^w^hen dilating on the Divine 
fiat to Michael and GEibrlcl, the commanders of the ce- 
lestial hosts J sublimely announces the power invincible- 
Go Micrhaelj of cpleetial amiipB Prineo 
And thou, in militiiry proweas n^^% 
Gabriel^ lead forth to battle those mj sons 
Invincibla, lead forth my aimed aaitits 
Bj thousands and by millioufi ranged for fght. 

Historical reading also requires careful consider atioUf J 
and I know of no subject so interesting and instructive asi 
that of Hietory : every well-educated person should raakfll 
himself acquainted with the history of his native hniM 
and with as much of the history of other countries isj 
time and circumstances permit. This species of know-] 
ledge we can always turn to account in the voyage 
life. My own early readings in History were Plutarch's] 
'LiveSj' Gibbon's ^ Decline and FaU of the Roman En 
pire/ ^ Charles V* of Spain,' and ' Mary Queen of Scot8,1 
Hume's ^ History of England/ and more recently that ( 
Macaulay, To these may be added Prescott's ' Conquei 
of Mexico and Peru/ and the writings of other distinguishes 
historians, such as Ha Ham, Grote, &e. 

Biogmphy is another department of readino- of a mo 
attractive and most influential description. To read i 
to study the lives of eminent and distinguished men 
alwayB an agreeable task, and to trace from small begin-' 
tiinsjR the rise and progress of an honourable ambition, and 
*ltimate success of a never-tiring perseverance in 
of knowledge^ is above all others the most instruc- 
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kve lessoQ for the young to cultivate. Let us therefore 
lope that a carefully-selected dms of biographical authors 
irill be found on the shelves of the library of this iusti- 
mtion. 

With respect to Natural History and Science, I would 
advise the young students of this institution to observe, 
that they require mature consideration and thought. The 
meaning of the author must be clearly understood j and 
l>y meditation and repeated readings the student should 
nmke himself master of the problems^ demonstrations, and 
fonnulse connected with the subject. 

These studies should never be neglected iu our national 
iastitutionSj and it is marvellous that this country — 
which, above all others , is famed for the extent of its 
uiauufactures, mechanical skill, and extensive practice in 
the useful arts — should be wanting in schools and institu-^ 
tions for teaching youth the elementary rules of their 
^efipective professions : these of all others are the most 
important to the community, and the best calculated to 
enhance the value and extend the influence of our in- 
dustrial resources- In my opinion every person should 
he taught the rudiments and higher branches of their 
professions, upon the same principles as barristers and 
]>liTsicians are taught, Eor example^ all persons intended 
for professional pursuits in connection with the construc- 
tive arts should have a theoretical as well as practical 
edtication. They should be instructed in the fundamental 
tales connected with their trades and callings, or, at ieast^ 
taught as much of theory as ^vould enable them to enter 

Ethe practice with some degree of certainty j and that 
especially in the practical development of those prin- 
"^ples on which the safety of the public and the success 
*>nheir professional career depends. 

It is absurd to talk against theory, as if a knowledge 
**f the exact sciences waa a dan^sjerous and a useless attain- 
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ment : nothing can be more erroneous than this impres- 
sion^ as on close inspection there is no practice without I 
theory, any more than there is no effect without a cause. 
In the useful arts theory can only be considered danger- 
ous when it is not reducible to practice^ and where it tends I 
to error on false principles, which j in fact, is not theory I 
but assumption. The true meaning of tlie term theori^-- j 
which creates so much alarm in the minds of practical 
men — is neither more nor less than a series of definite 
mles by which practice is governed, and through ivhidi j 
we derive, from fijtecl and definite laws, those sound and 
iinemng results, which of all others is the primary object 
of practice to accomplish. Let us, therefore, abandon 
tiie ^ rule-of-thumb ' system^ and cultivate true principles^ I 
which should never be separated from the twin sisters rfj 
Science and Art, 

Of all branches of human know! edge the Natural Science I 
are the most important. We speak of our inventions ani I 
discoveries, but how simple and effective they become j 
when once they are known ! We sometimes arrogate toj 
ourselves the discovery of new principles, but^ in truth, I 
there are no principles which are new. All right principles J 
existed before our discovery of them, and our science iij 
nothing more nor less than an unveiling of the univeTaai] 
and eternal laws of nature, I know that there are mmjl 
people who suppose that discoveries and inventions, either I 
in physics, chemistry, mechanics, or any other subjectij 
are really new discoveries. They may be new to us, 1 
they pre-existed, and the discovery or invention — if i 
"we may call it— is the addition of existing principles to] 
OUT stock of knowledge, with which we were previouilf I 
unacquainted. There is nothing new in nature ; all 
-^an do by our meditations, thoughts, and experiment! 
liscover what are the true laws that govern thflj 
and the principles on which everything it con- 



I.TTERABT AXD SCIENTIFIC INSTITUTIONS. 



67 



tuiBS is founded. Having done this, and perhaps given 
tc> the world a so-called inventionjSiieh as causing electric 
currents to pass along the slender wire, or the art of 
photography, things not known before, we do not in reality 
invent anything — we are siraply discoverers. Let us 
therefore^ in our reading* whether it be in acience or in 
literature 3 be humble under the conviction that every- 
thing tJiat is good, worthy, and true, first existed in the 
mind of the Great Author of all that surrounds u&* 
Whikt Bpeaking of readings allusion may also be made to 
the art of ^mting ; and here I am reminded of a phrase of 
Sir Kichard Arkwright, when he experienced some difii- 
culty in reading a letter- A friend who was looking on 
Faid that it was well written : Sir Richard — looking him 
in the face — answered, * Ony foo mnt write, mon, but it 
is the devil an' a' to spell/ The fact was, that Sir Kichard 
was never a good writer, and a stiU worse speller ; hence 
the difficulty of reading what in other respects might 
safely be called a legitimate letter. 

Writing LSj however, an art of great importance, and I 
would advise my young friends to practise it with the 
utmost care- It is so closely allied to reading that I 
am almost tempted to recount, for the information of 
others^ my own practice in early life. I make no doubt 
there are many here who, like myself, had to labour under 
difficulties for want of rudimentary instruction, both as 
regards grammar and composition, I attained the art I 
have acquired— such as it is— not, I can assure you, by 
taking for granted that I could write^ but that I wrote 
imperfectly, and without kntiwledge of style or composi- 
tion. To attain a clear and e3:pliclt expression I had to 
read and to study ; and the great art I had to acquire was 
to be sure not only that I understood what I had written, 
but that the meaning woidd be conveyed to others in « 
clearly intelligible form^ so that every idea should le 
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OB the mind of the reader an unobscured and distinct 
impression. In a wordj I wished to put the whole of ray 
own conceptions into the possession of those who might 
take the trouble to read them, 

In these exercises you will observe I had no master^ nor 
had I the privilege of an acquaintance with Greek or Latku 
Eut I had a cra\4iig appetite for distinction j and in order 
to remedy educational defects,! read the best authors, such 
ae Addison and Steele, Hume, Smollett, and Goldsmith j 
and I was ambitious enough to place myself in competi' 
tion with them^ and established a system of mental rivalry, 
which I earned on for some years, with improvement* but 
comparatively to my own discomfiture. After reading an 
essay or passage I would close the book, and, with the 
train of reasoning fresh in my mind^ attempt to write the 
article in my own way, and my own style. This I found 
good practice, as it humbled mc in my own estiraatitm, 
and thoroughly con\inced me of my own want of skill, 
when contrasted with the language of the eminent mei 
quoted above, and to whom I am indebted for the limited 
knowledge I possess. 

I do not offer these facts in a spirit of egotism, but U> 
show that original defects in education need not prove 
an impassable barrier to improvement, where there is a 
strong deteiinination to enlarge the mind and cultivate 
the intellect, I therefore give this as an example which 
others in the same circumstances may follow, with afe 
least some chance of success^ if they choose to adopt! 
the same methods which were serviceable to mysaltj 
I am not sure whether I am right or noti but I haTej 
a strong impression, and believe it is shared by HKJelj 
mindi^ more or less, that if we have any object to «J-j 
>mplish, whether it be to gain a certain amount ofj 
ledge in any scienee, or to make any desired di^j 
we must make up our minds never to lose sigkU 
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of the end we have in view, steadfastly to persevere, and* 

unlesi^ our object be utterly iinattaiiiablej or not existent 
in natm*e, we are sure to succeed if we bring all the 
powers of our minds to bear upon it. 

Conversation f next to reading and writing, is perhaps 
the naost aigreeable mode of imparting and receii'Tng 
knowledgej and this faculty is largely exercised in every 
community. It i^ what I would call the exercise of social 
science J and, when properly conducted^ is most important 
and beneficial. It is indifferent on what subject our con- 
versational powers are exercised ; they are always per^ 
suasivej always agi'eeable, and^ — when the subject ia 
judiciously chosen and properly handled— ahv ays instnio- 
tive< It is the same whether it be in the Athenaeum or in 
the domestic circle — it is necessary that our conversation 
be instinictivej as it becomes essential to the advancement 
of good feeling, in quarters where it is truly valuable. 

This practice, w^hen judiciously applied by the heads ot 
families, is of vital importance in the training of young 
mind&j which in almost every case are moulded by the 
impressions received on the domestic hearth. If this be 
correct, bow very important it is that the conversational 
powers^ of those who have the tuition and management 

Eof children should be well cultivated, and their minds go- 
f^erned by sound principles of morality and truth ! In the 
early stages of our existence the mind receives impressinns 
which have great influence on the actions of after-life ; 
Smd much depends upon the mother and those who have 
the training of children, that these impressions are of the 
right kind, and that they have the stamp of truthfulness 
and virtue- In all future developments, therefore, how 
very much depends on a mother*s actions, manners, and 
conversation I The future happiness and Avellbeing of her 
family are almost exclusively in her hands, and how very 
essential is it therefore that we should have good mothers ! 
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These considerations would lead me to the great and im-'^ 
portant question of female education ; and hence it foUows, 
that the first step in our educational career should be 
applied to the gentler sex, in order that our minds maj 
derive from that source the germs of correct mental 
culture^ and thoie high principles of integrity and virtue 
which mark the honourable and useful members of the 
community. 

It JE supposed that the female mind is not equal to the 
sterner duties of our own sex. This is, however^ not alto- 
gether true, as we find that the minds of women, iritli 
their finer feelings and their quickness of apprehension^ are 
in many cases superior to those of men i and, moreover, 
that they are not only susceptible of large development, bat 
for penetration, quickness of perception^ and high att^- 
ments in mental culture, they are fully equal to the more 
rigid characteristics of the other sex. Let us thereiorei 
in this institution, look forward to a department in whicli 
the future mothers of Southport may receive the rudi- 
ments of a virtuous education, calculated to transmit to 
their children and to society the enduring benefits of aa 
honest ambition and a well-spent life- 

In addition to ordinary conversation^ I would recom- 
mend the formation of a debating society^ as soon after the 
institution is at work as possible, in order that questions 
of hterary and scientific interest may be discussed. The 
only consideration to be observed in this case is the avoid- 
ance of religious and political controversy in regulatiDg 
the debates J so that a spirit of inquiry may he fostered, and 
friendly associations cultivated and sustainei A society 
of this sortj with another for athletic exercises^ wiU prove 
of incalculable value to the youth of Southport. With 
regard to a debating society, I do not mean such as are 
found in many places, where all sorts of subjects are la- 
trod need, often leading to mischief* What I recommend 
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^n dbcu38ion society, where tbe subject ia carefully 
iilected and consider ed, and ably discussed ; and I would 
advise the members of aucb a society to come forward witli 
notes taken from their readings and their own thoughts on 
the subject before them, so that they may discuss the matter 
m a dispassionate J finendly, and controversial spirit* If 
tills wer^ done J I think that the society would prove highly 
Hpseful, and^ besides, give to some that elegance and fluency 
H|F expression which, to my great regret, I do not possess, 
^H Lectures are another form of instruction of great value ; 
■ind the younger branches will do well to take notes, so as 
to apply the knowledge they may receive in this way to 
the purposes of after-life. Lectures on science require 
more than ordinary attention, if we intend to benefit by 
the elucidation of facts and experimental research. These 
cannot be disposed of en passant, but must be considered, 
^eighedj and matured, in order to render them useful to 
tie learnerj and to enlarge the mind on the fundamental 
priaciiilcs of natural and experimental science. In con- 
finnation of this mode of instruction, I may notice that 
^e practice of imparting knowledge by lectures is general 
m our colleges and universities : and that it has its advan- 
tages may be seen from the numerous students that at- 
tend with their notebooks, to which they can refer when 
tteh minds are more matured by reflection and study. I 
^ould thereibre encourage this system of instruction as 
■ highly advantageous to the members of the Athenaeum. 
H^ Meditation^ or studi/y is the concluding subject to 
^^hieli I would solicit your attention, and I tliink you will 
fifld it includes those exercises of the mind^ whereby in* 
stniction, gathered by all the previous methods to which I 
^wave alluded, is rendered useful. It fixes on the memory 
^rW we read; it corrects errors, and matures the judg- 
ment. It is by meditation that we detect what is wi-ong 
^i» J adhere to what is right, and by the exercise of a sound 
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judgment it balances the elementB of clioieej and attdM 
correct conclusions. The power of intellectual analysis 
is a wonderful achievement of the human mind ; and whea 
we couBider ita workings hj comparisons, and its power of 
selection, we are lost in wonder at the gift bestowed on as 
by the Great Author of our being. How thankful^ there- 
forcj ought we to be for powers of such excellence, 
and how cai'cful should they be exercised^ in order that 
we may secure the greateat amount of good for ourselTcs 
and all those with whom we are connected I Ke flection 
has another curious and interesting characteristic, which 
exists in every mind, but which I much fear too frequently 
escapes our notice— and that is a power of calling fortli an 
imagery seen only by the mind's eye. To this faculty we 
do not attach sufficient importance, and I would here notB 
that this * building of castles in the air,' as some persons 
call it, is one of the pleaj&antest and most agreeable occu- 
pations of human existence, i^et me ask anyone here 
present whether he has not experienced sensations of 
deliglit in having pictured to MmaeLf objects which it has 
been his earnest wish to attain, and whether these objects 
have, or have not, stood before him in all their due prcn 
portions of figure^ magnitude, and beauty? They are 
generally modified according to the wishes of the thinker, 
and they are also often exaggerated, unless corrected and 
brought within limits by the governing power of mtmm 
and experience. 

On this subject I will only mention what has frequently 
passed through my own mind with regard to what m very 
difficult to understand — ^with all our philosophy, and all the 
powers with which nature has gifted us : I mean the act 
of volition. For instance^ you find that iu plajring cm 
a violiui piano, or any other instrument, the fingers pass 
over the diflercnt keys without any apparent thought of 
*t of the mind ; yet the impression of every one of 
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ese notesj however rai>idly produced, must first pa&s 
throii^li t!ie brain before the movements are effected and 
the fingers perform the functions of volition. It i.s evident 
that we are endowed with powers to produce this harmony ; 
but during the peribrmance, we do not thUik for a moment 
whether we are touching the uistrument ri*^ht or wrong, 
Onr fingers seenij by a sort of intuition, to fall on the 
proper notes witliout the aid of the mind at all, but that 
function is nevertheless the exponent or index by which 
the movements are prodnced. Attempts have been made 
to solve the working of these functions ; but, with all our 
knowledge, we are unable to obtain clear and definite con- 
ceptions of the union which exists, and we are totally at a 
!S to unravel what appears to be a mystery from ba- 
nning to end. 

In tny own professional career, I have always derived 
■tisfaction from the silent contemplation of the pros and 
'ons of new and untried ideas. If I wanted to achieve 
a novel and difficult construction, the first step in the way 
of discovery was to form an image of the whole in the 
mind; to select the material, sink the foundation? and 
raise the supei^tracture ; to weigh and balance the parts, 
until the whole system of organisation appears before the 
mind, a finished and complete structure, as if in actual exis- 
tence- It must be evident to most persons, in constructing 
a house for instance, that we first tliink of the building 
in its outline, its various foi-ms and proportions, before the 
design is complete^ If we want to make improvements 
in the kitchens, r*>oms, lobbies, and other parts, we map 
them all out beforehand in the mind, and, in fact, we 
build an ideal house before we attempt to erect a mate- 
rial structure of a more tangible form. If this is done by 
meditation and thought, corrected by reason, judgment, 
and experience^ we seldom go ^\Tong in our estimate of 
what is to be done and how to do it. There is f 
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quality of tte mind arising from thougkt, and that isj the 
facility by which we can drop one subject and take vp 
another. Some people have quicker perceptions and 
greater aptitude in making thia transfer than otherSj | 
but all of us poBaess that power, and it only requires 
exercise to render it active* BarristerSj for instance, 
have great facilities in that way j and I must confess alt ' 
may attain itj in a greater or less degree^ by arrangement 
and organisation in collecting our ideas, and bringing them 
to bear \dth their whole concentrated force on the subject 
to which they are directed. Now, this admirable property 
of the mind is of immense value in the ordinary buaines 
of life, as its power of discriminationj when properly 
directedj is sure to detect errors and establish upon a 
sounder basis the professed and undeviating principles of 
truth. 

It will not be necessary to remind you that at the com- 
mencement of this address I noticed that among other 
qualities of the mind was the power of ohsevDation as ex- 
ercised through the sense of sight. This function of the 
intellect cannot be imparted by any distinct branch of 
teaching ; but the observing student is never at a loss if lie 
keeps his eyes open to the beauties of nature^ and that laj^a 
field which is ever present for its useful and healthy ex- 
ercise. On any subject that comes before us it is necea- 
aary to be observant, as it stores the mind with ideasi 
and gives to every object its due and peri^ct proportions. 
It, moreover^ improves the taste, enlarges the mind, 
and furnishes a more perfect conception of figure, and 
those symmetrical laws by which we are enabled to judg< 
of the beauty and harmony of the works of nature and 
of art. These are some of the benefits which may be 
derived from observation, but this quality of the mind i 
not confined to the eenee of sight ; on the contrary it ha^ 
\ much wider range^ as a man of observant powers will 



LITEKART AND 8CIBNTIFIC INSTITUTIONS. 75 

jrceive beauties and detect errors with much greater 
cility from descriptions of what he hears or reads^ than 
ose whose faculty of observation is not properly exer- 
sed. In conversation^ how profitable it is to obtain a clear 
•nception of the ideas of the speaker^ and to be able^ from 
)servation, to collect that which is useful and reject what 
ay be trivial or unimportant ! In every transaction con- 
3cted with society, it is of great importance to be able 

• discriminate with impartiality on the views and opinions 

* others. 

These are the uses to which, in my opinion, we should 
Dply our thoughts in study, and, provided it is done 
ith an earnest desire after truth, we may reasonably 
mclude that we have used and not abused the faculties 
hich, in common with all mankind, we have received 
; the hands of Infinite Wisdom. 

In conclusion, I have to thank you for the patience 
ith which you have listened to these remarks. I can 
dy hope they may be serviceable to your valuable in- 
itution, and I do sincerely trust that the junior members 
QJ not forget that a cultivated mind, an untiring industry, 
id a high sense of honour are the true and only legiti- 
ate paths to distinction. 




LECTITRE Y, 

ON riHST PEnrClFLES^* ANB TH£ THICKXES9 OF THE 
EAEXa'S CEt*ST EXPEBI^rENT Af.T^T CONSIDERED/ 



Ti^ a careful otwserrer, and to every tliijikiiig 
there cannut exi^ a doubt as to the intention of the 
Cretttor in urdaitimt^ that everythifig^ in existeDce, fifCBi 
the heavenlv ^^-^^^"^ which moye in space down to d* 
iiKf&t minute ^ of matter, i?h«)fiJd be subjected &? 

fix.vd and -^ I need not iuiorni joa npon wtat 

iwiiiciple ..... :.^^. ^-- tixed stars, and the planetary sjslfl^ 
f^volve in their orbits, and with what exactitude, tn regwA 
tt> time and space^ they f>erform their rei*p«ctive diurnal ^ 
MrV.lnnl rr^oriotijj — .all o£ them tending to one great eJidj 
^ a^ thej ruli the power and wisdotn of their 
t^rt^tui, through the laws bj which ther are gOTemed, In 
iUu^tn&tiot:^ oi ihat power, and the kiK>wIedge which it 
leftdbee^ I rna^r prhapt^ be permitted to noiioe m few astro- 
^ wmi&sX aitd phy dioal ikts^ which {oc ages have come under 
^^_ Ikie notiee ^>t^ %h» pidlosupher, and which have engage^ 
^^B m&i/^ ^ tthe wm% power^ min<fe AaSt Wre existed m^ 
^H the iUy^ oi^ Bmhi» GaGko!^ md Kmton. It h interestij^ 
^^» to tmec th* ^iB«^v^fi«i» «^ dri^kfoi^mfes of these pnt 
H wiet^, ami to watch the progress of a^ti^xioaucal knowledge? 
I iu \mt owu di^* Mtich has been done bj the two He^ 
H sch^K Aiiaw#m and the Astronomer Kojal* and much yet 
^L rtft m^tfet to be accom|iIWbed betbre we axe ftillr acquaint^ 

^^^B ' IVUT(iiQ<l ftu th» mimJNn ttI fin Tr*'°'n^ tml T1^iiiinr*^n' '^^^^^'^T* 
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51th the composition of the sun and the planets of the 
'J^olar System, Let us, for a few momenta, endeavour to as- 
"firtain under what cosraical conditions modern astrononiere 
^^ve found the great central luminary of the Solar System, 
^tany theories have been raised^ some abandoned, and 
o me confirmed^ but alJ are agreed that it is the great 
ountain of heat, the vivifying, germinating principle of 
lature ; and, moreover, that our own globe, and the sur- 
ounding planets and their satellites, depend upon its 
afluence for that degree of temperature which appears ttt 
onstitute the principle and maintenance of animal and 
ege table existence. How wonderful ! how extraordinary ! 
nd how important are the conditions by which our lives 
re supported I The surface of our eartb is animated 
ito active existence by the rays of the sun. Every 
torn of matter teems mth life, and to what depth this 
reat principle extends yet remaiuB a question for the 
uman mind to discover. We have the facts of animated 
stiatence before our eyes. We find at great depths in 
lines the remains of animal and vegetable life, and in 
^dimentary deposits we have abundant evidence of its 
ast existence. It is visible at the greatest depths of the 
cean ; and^ judging fi-om analogy, I may venture to state 
fhat is more than probable — ^that it exists at the very core 
nd centre of the earth* 

This va«t and interminable measure of life may be 
raced to the laws by which it is governed^ by which it is 
ireservedj by which it runs the cycle of its existence, and 
ly wbicli it ultimately makes way for a new succession of 
he animated principle performing the same functions^ and 
hat for ages inuueasurable by time and, as far as human 
ntellect can discover^ infinite in duration. 

If we examine more closely those laws by which the 
merring functions of nature are performed, and by which 
ve receive and maintain lifcj we shall find much 
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to admire and everything to approve. They left the 
hands of the Great Architect of Nature perfect : bj them 
we are supported in every good and useful workj and J 
from them we cannot swerve with impunity. To the iaiin| 
we have alluded as the great source of heat, and the| 
living principle on which the animal and vegetable fciiig- 
doms depend ; and it may be interesting and usefid for us I 
to examine, as far as our knowledge exteuds^ into the 
composition and properties of tliis great luminary, byl 
which the fecundity of this world and the surrounding 
planets are maintained* 

It has been ascertainetlj from observations on the sim*lj 
horizontal parallax, that it is situated from us at a me 
distance of 91 ,000 ,000 miles ; and it is not surprising th 
at such a distance, the sun should appear so small, th 
it should so powerfully influence our condition by its he 
and lightj and that it should give us such high conception 
of its magnitude and the important processes that ard 
carried on within it. As to its actual magnitude we i 
he at no loss, knowing its distance and the angles undci 
which lis diameter appears to us. An object of th 
immense magnitude, placed at a distance of 91,000,0 
miles and subtending an angle of 32^ 4*2", gives for its 
real diameter 882,000 miles. Such we may consider the 
bulk of this stupendous globe; and provided we compare 
it with what we have already ascertained of the dimension 
of our own planet, we shall find, according to Sir Jolin 
Herschel, that, in linear magnitude, it exceeds the eaitk ^ 
in the ratio of 111*5 ; 1, and in bulk as 1,384,472 : 1,* 

♦ In ardtT to give a clearer cOTjct^ption of the illative masaes fiuil 

distances of the sun and planets composing our system, Sir Jdhti KeivM | 

supposes tbnt on a levd green field a globe 2 feet in diameter is plfliCfd; | 

t.bis wUl rppresent the Sno, and Mercury would then be proportionally i«^ I 

*""^ hy a grain of mustard- seed, reTolving in a circle 164 feet in disuEeter; I 

H would he represented by a pea rerolvlng in a cirde of 430 feetil | 

*!nd so on for the maeses of Jupiter and Saturn, which Wi^ J 
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^^L It has been calculated that the masses of tJie planete 
^mtich have satellites — namely^ the Earthj Jupiter, 
^^^pSaturDj Uranus J and Xeptune — are; talciuj^ the Earth 
Has 1, the Sun is 354,936; Jupiter, 338'475; Saturn, 
■ lOPOea; Uranus, 14'25o j aud Neptune, 18-9, From 
^nhese calculations may be derived the densities of all these 
^nK)dies as foIJows :— Seen fi'om a distance equal to the 
mean radius of the Earth's orbit, the diameter of the Sun 
would subtend an an^^le of 1,914"; that of the Earth, 
17-4": Jupiter, 186*6"; Saturn, 1777"; Uranus, 74"; 
and Neptune, SV\ Their real diameters are, therefore, 
in the proportion of these numbers, and the bulk in pro- 
portion of the cubes. By dividing the quantities of matter 
by the bulks we have the densities : if that of the Earth be 
6 '6 7 (water being 1), we have for — 

^. The Son ...... 1'47 

^b TheEartli 557 

^^^B Jupit^F. ...... 1*36 

^^^^1 Satam ....... 074 

^^^^H Ufanus 0-97 

^^^H KeptmiA 102 

H[ Speaking of the motion of the sun and planets. Sir John 
^^Herschel, in hiis treatise on Aatronoraj, says : ^ It is hardly 
^possible to avoid asBOciating onr conception of an object of 
definite globular figure, and of such enormous dimensions, 
with some corresponding attribute of massiveness and 
material solidity. That the sun is not a mere phantom, 
but a body having its own peculiar structure and economy, 
our telescopes distinctly inform us. They show ua dark 
spots on its surface, which slowly change their places and 

represent good-sizc<i billiard-bnllfl ; iind Neptune, the most distant planet, 
would figure as a moderatelj-fiLsed plura, revoMng in a circle of 2 J miles 
in diameter, The.^e are, howeTer, nothing when compared witli the dis- 
tances of the fi^ed stfljis, wMcli are BOTast as to be almost inconceivable. Lord 
Wrottesley makes their distanoej for a pamUax of I ", equal 1 9 ^7 88, 2 3 9, 34 3, 000 
miles 
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forms, and by attending to whose situation , at different ' 
timeSj astronomers have ascertained that the sun revolves 
about an axis, inclined at a constant angle of 82** 40' to 
the plane of the ecliptic, performing one rotation in % 
period of 25 days, and in the same direction with the 
diurnal rotation of the earth — L ^., from west to east. Here, 
then^ we have an analogy with our own globe ; the slower 
and more majestic movement only corresponding with tk 
greater dimensions oi' the machinery, and impressing iia 
with the prevalence of similar mechanical laws, and of, at 
least, such a community of nature as the existence of 
inertia and obedience to force may indicate* Now, in the 
same proportion by which we invest our idea of this im- 
mense bulk with the attiibute of inertia, or weight, it be- 
comes difficult to conceive its circulation round so com- 
paratively small a body as the earths without, on" the one , 
hand, draggirlg it along, and displacing it, if bound to it 1 
by some invisible tie ; or, on the other hand, if not so j 
held to it, pursuing its course through space, and IcaiiDgl 
the earth behind. If we tie two stones together by a| 
string, and fling them doft, we see them circulate abont 
a point between them, which is their commoni centre of 
gravity ; but if one of them be greatly more ponderous 
than the other, this common centre mil be propoitionallv 
nearer to that one, and even within its surfa€e ; so that t!ie 
smaller one will circulate, in fact, about the larger, wHdi 
win be comparatively but little disturbed from its place. 
Whether the earth moves round the sun, the sun round 
the earth, or both round their common centre of gravitf* 
will make no difference, as far as appearances are con- 
cerned, provided the stars be supposed sufficiently distiOBt 
to undergo no sensibly apparent parallactic displaeemeat 
by the mention so attributed to the earth ; and from the 
almost immeasurable amount of such displacement, we 
conclude that the scale of the sidereal universe is so great* 
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hat the mutual orbit of the earth and sun may be re- 
sided as an abnost imperceptible point in its comparison. 
Admitting then, in conformity with the laws of dynamics, 
hat two bodies connected with and revolving about ^each 
ther in free space do, in ^t, revolve about their common 
entre of gravity, which remains immoveable by their 
mtnal action, it becomes a matter of further enquiry 
T^hereabouts between them this centre is situated. Me- 
hanics teaches us that its place will divide their mutual 
listance in the inverse ratio of their weights or masses ; 
nd calculations inform us that this ratio is as 354,936 : 1 
—the sun being in that proportion more ponderous than 
he earth. From this it will follow that the common point 
ibout which they both circulate is only 267 miles from the 
inn's centre, or about 3 3^^ ^ th of its own diameter. 

Here, it will be observed, is a beautiful illustration of 
mechanical philosophy, which teaches volumes, and gives 
18 an insight into those laws of gravitation and propulsion 
>y which two bodies, of so much weight and so dispro- 
?ortioned to each other in magnitude, are so nicely balanced 
^ to cause the earth to revolve in its orbit, imperceptible 
o its inhabitants, at a velocity of about 1,136 miles per 
Joinute, equivalent to the immense velocity of 68,160 
loiles per hour I 

It would occupy too much of your time to proceed 
Wher with this subject ; my object in these statements 
>eing to show (according to Newton) the mechanism by 
vhich these masses are regulated in their orbits, by an 
attracting force which varies directly as the mass and 
aversely as the square of the distance. These won- 
lerful achievements of the Great Author of Nature 
«ach us lessons of humility as well as of mechanics ; and 
►ur successors, for ages to come, may draw from them 
ionclusions which, founded on natural laws, confirm the 
►idy true philosophy by which the human mind and the 

G 
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hum^in heart should be guideiL I must not leave this 
part of the subject without noticing some recent dkcoveries, 
said to exist in the spots on the sun's disc. Sir William 
ArmstroTig^ in his address to the meeting of the British 
Association, notices Mr, Naamy^h's discoveries of willow* 
leaves 1,000 miles long and 100 miles broad, which ap- 
parently interlace themselves over the luminous surface^ 
and fringe the edges of large cavities which appear to 
penetrate the exterior envelope to immense depths. These 
extraordinary appearances may requii-e further investiga- 
tion ; for the present they are interesting, and it is to be 
hoped that more extended inquiries may lead to furthi 
disco veriea, 

Ha\'ing thus glanced, however imperfectly, at the laws 
which philosophers of the past and present age have de- 
monstrated a© belonging to the system of the univei*sej let 
us now direct our attention from celestial phenomena 
some of the numerous truths which present themselves 
our notice in the physical condition of the globe which we 
inhabit. It has been shown that the earth's equatorial dii 
meter is 7,925*648 miles^ and its polar diameter 7,890*1 
miles J making a difference of 26*478 miles. From thisdif-i 
ference it is obvious that the form of the earth's sectioJ 
through the axis, is an ellipse, and the outside figure 
of an oblate spheroid ; {ind this departure fmm a true sphi 
has been proved to arise from the centiifugal force whicli 
generated in the equatorial regions by its revolution rou] 
its axis in twenty-four hours. As the eartli thus reYol' 
round an axis pa^^sing through the poles, the equatoi 
portion of its surtace has the greatest velocity of rotatioi 
consequently, the velocity of the other parts diminishes 
the ratio of the radii of the circles of latitude as th€] 
approach the poles ; and here we have the theory of ca 
triiugal action, which gives to the earth its flattened foi 
he poles. 
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Irrespective of the physical conditions under which the 
earth is placed as regards the surrounding planets^ it 
may be interesting shortly to examine : — 

1st. The envelope of atmosphere by which it is sur- 
rounded. 

2ndly. Thewatersof the ocean which rest in the cavities 
of its surface. 

3rdly. Its geological formation ; and 

Lastly. Its central heat, the thickness of its crust, &c. 

When we ascend to any considerable height, either in 
a balloon or to the top of a mountain, we are made aware 
of the elevation we have attained by uneasy sensations, 
arising from a deficient supply of air. At an altitude of 
10,800 feet, about the height of Mount.Etna, we have left 
under our feet about one-third of the whole mass of the 
atmosphere, and at 18,000 feet we have ascended through 
one-half the ponderable body of air. Hence follows the 
difficulty of respiration, as experienced by MM. Biot and 
Gay-Lussac at an elevation of 25,000 feet. The same 
sensations, and those more severe, were experienced by 
our own distinguished aeronaut, Mr. Glaisher, at a higher 
altitude ; and from this it is easy to conceive that in rising 
we continually get above the denser portions of the 
atmosphere, which varies not as the height, but in a con- 
stantly-decreasing ratio. We may infer, therefore, from 
our knowledge of the mechanical laws which regulate 
the dilatation and compression of elastic fluids, that at 
an altitude of xot^'^ P*^^ ^^ *^® earth's diameter the 
tenuity of the atmosphere (if it at all exists at that 
height) must be equally fatal to animal life and to com- 
bustion. But, leaving out of consideration the un- 
known limits or thickness of the atmosphere, we may 
reasonably conclude that it does not exist at an altitude 
of eighty miles. 

a 2 
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It ia said — with what truth it is not for me to detemdni 
— that nature abhors a vacuum ; and yet, according to] 
what we have stated, we reach that point at eighif 
miles* eleyatioUj where we are stipposed to be entirely 
free of the atmospheric envelope, and clearly launched 
into the ocean of space- Supposing this to be true, 
and that the atmosphere terminates at the height above- 
named, you will natural I J ask, what comes next? 
— ^what is there beyond it? The simple auswer ii, 
Space, NoWj it is evident that to this vast and inter- 
minable ocean our imperfect conceptions are unable to 
form anything like magnitudej either as regards length, 
breadth, or depth ; and we are utterly lost when ire 
attempt to measure it in regai"d to figure, form, or a- 
tent. It is infinite in dimensionB, as the dwelling-place 
of innumerable suns, planets, and satellites : all of them 
floating, rolling, and nnoving apparently without order or 
design, but united by invisible tiea, which govern the 
whole with perfect harmony, and display the same Omni- 
potent Power and Omniscient Wisdom as those by which 
they were created, and launched with revolving certainty 
into the immensity of space. 

When we contemplate this boundless ocean, and the 
myriads of suns and planets by which it is peopled, we 
are overcome with feelings of astonishment and admimtion, 
whilst our little earth sinks into insignificance when com- 
pared with the distance, number, and magnitude of those 
bodies which exist in our own system, I have sometimeSi 
in meditating on this subject, compared space to an im- 
measurable vessel, containing a fluid of great tenmty* 
filled with animalculse, floating and in motion in every 
direction, which to mortal eyes appear a chaos of con- 
1, but yet in such perfect harmony with each other V 

I ^% to prevent collision, and maintain the integrity 

^B laws established for their guidance* It ia 
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fipparently so with ourseWea and the other myriacls of in- 
habitants in space ; and my only guide to this conclusion 
ts, that there must be some highlj-rarefied fluid of such 
extreme subtilty, that it becomes the medium through 
which light and heat are transmitted from the great lumi- 
iia?*y in the centre of our system to the remote and 
unknown regions of space by which we are surroimded, 
I offer these opinions with considerable diffidence ^ and 
sha,ll be glad to find them confirmed by the researches of 
the astronomer and the mathematician. 

The ocean covers about two-thirds of the earth's Bur- 
face, andj together with the atmosphere, present to the 
mind of the philosopher an inexhaustible subject for con- 
tain pi ation. Its extent, depth, magnitude^ currents, tem- 
p^i^ture, and economyj are all questions of deep interest 
to those acquainted with the laws, and the principles on 
which it is maintained in the full integrity of purpose and 
pux^ty of condition. Its saline properties and combina- 
bong preserve it uncontaminatedj and fit itj in all ita 
pHstine purity, for the purposes for which it was intended. 
Such are its ^admirable properties, that I am sure you 
"^iil excuse me if I endeavour to show how important it 
^ to the economy of nature, and the maintenance and 
Preservation of life. 

firsts then, we depend upon the sea for our existence j by 
it x^e are supplied with food and all the necessaries of life. 
^ ithout the sea we should have no rain^ dew, or rivers; and 
^thout these exhalations we should have no clouds ^every- 
wiing would become arid and dry, and the surface of the 
^^ith would be burnt to a cinder* In this and other 
^Untries we should be deprived of that warm covering 
^Hich shelters us from the intensity of the sun's rays — 
that soft curtain of clouds and genial warmth so invalu- 
jAi\^ to the health and comfort of the inhabitants of these 
Blands. We too often complain of the climate and moia- 
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ture by whicb this country is surrounded ; but where is 
there another country bo healthy, so fruitfulj and so abun- 
dant in its productions— latitudes and all other conditions 
considered ? Yon may depend upon it those complaints are 
groundless, and I for one would be sorry to mtness any 
diminution of the benefits which we derive from the oc^an 
in all its elementary conditions, as applied to climate and 
the wants of human existence. 

Captain Maury^ — in his excellent work on the ^ Geo- 
graphy of the Sea' — in contrasting the sea and the 
atmosphere, eays ^ that the weight of the atmosphere k 
equal to that of a solid globe of lead sixty miles in diir 
meter* Its principal elements are oxygen and nitrogen 
gases, with a vast quantity of water suspended in them* 
in the shape of vapour. In common with all substances, 
the ocean and the air are increased in bulk, and conse- 
quently diminished in weight, by heat ; like all fluids, 
they are mobile, tending to extend themselves equflHj 
in all directions, and to fill up depressions wherever vacant 
space will admit them ; hence in these respects the re- 
semblance betwixt their movements. Water is not com- 
pressible nor elastic, and it may be solidified into ice, or 
vaporised into steam : the air is elastic ; it may be coft* 
densed to any extent by pressui'e, or expanded to ail 
in^nite degree of tenuity by pressure being removed 
from it ; it is not liable to undergo any change in iti 
constitution, beyond these, by any of the ordinary influ- 
ences by which it is affected.' 

Such are the views of one of our first meteorologiste 
his facts are few and simple. But there are other charae* 
teristics peculiar to the sea, as the abode of animated 

" ^^egetable life. Like the earth and the atmospherej 
"ul In its provision for innumerable families <jf 
stence that live and die witliin its territory^ 
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d to which we are indebted for an abundant and 
urishing article of food. Like the other domains of 
ture, it teems with life ; and we should be ungrateful 

an Allwise Providence if we failed to appreciate the 
mensity of its value, in conjunction witfi the atmo- 
here, as the great laboratory of nature, from which we 
rive so many benefits. 

But the sea without the atmosphere would become a 
ignant lake ; and here again we have calls on our ad- 
iration in the economy with which every phenomena 

nature is conducted, and the uses for which they are 
tended. To the atmosphere I therefore invite your 
tention, as the grand co-operator with the sister element 
water, in producing that combination which carries on 
» wings the vapours of the ocean, and distributes them in 
freshing showers over the parched surface of the earth. 
Pom this again it returns — after having performed its 
nction in the support of animal and vegetable life — in 
e shape of springs, brooks, and rivers, to the ocean from 
rich it was extracted. Thus uninterruptedly goes on 
is beautiful process of evaporation, diffusion, and con- 
nsation, so admirably adapted in the economy of nature 
* the maintenance and support of every living thing I 
Independently of the laws by which the meteorologist is 
abled to form his opinion, there are other processes, no 
IS interesting, which belong exclusively to the atmo- 
liere and the sea : the first as the propeller, and the 
iond as the liquid pathway, by which we are enabled to 
aimunicate with distant countries, and maintain upon 
surface fleets and flotillas — the great connecting links 
commerce, and the means of intercourse between foreign 
tions. Such are the marvellous powers of air and 
I, and such are the effects of the obedient waters as 
jy descend from the mountain-tops to the sea, and are 
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again returned at the right time and in proper quantity to 
fertilise the earth I In the ocean itself we have monuments I 
of its power in the abrasion of rocksj as their fi*agmente m I 
fasMoned into boulders, pebbles^ and shingle^ and the 1 
very sands on the seashore pronounce the trituratiDg and 
enduring power of water. 

The waters of the ocean appear, in conjunction irithj 
subterranean action, to act an important part in the for-f 
mation of the earth's surfacCr Sir John Herschel siAteil 
that *^ the sea is constantly beating on the land, griiidingl 
it down, and scattering its worn-ofF particles and frag^ 
ments in the state of mud and pebbles over its beA* 
Geology affords abundant proofs that existing continenta 
have more than once been destroyed, torn to piecei, flub- 
merged, and reconstructed according to the nature of the 
alternate forces of oceanal disintegration and volcanic 
action. 

The phenomena of elevation immediately resulting from 
the action of subterranean forces are curious and intereatr 
ing, and to them — in conjunction with running water— 
we owe all the variety of forms of mountain, hill and 
dale, which mark the beauty and constitute the graeefuUj- 
nndulating surface of the globe. The absence of any- 
thing like order, system, and arrangement would almost 
indicate a want of any known principle of action ; but I 
believe the more minute researches of geologists have 
discovered distinct approximation to general laws in the 
dislocation of strata^ and the upheaving and subsidence of 
the mountain districts. These, with the abrasions of the 
harder strata by rivers and mountain-torrents, will account 
for the diversity of hill and dale which Is so strikingly 

nrent on the earth's surface. 

a great many years it has been an interesting sub- 
quiry amongst physical geologists as to the state j 
nor of our planet, and the high temperati 
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that is supposed to exist at great depths under the sur- 
face. The terrestrial temperature^ at a depth of from 80 
to 100 feet, is not affected by the changes of the seasons, 
but remains constant throughout the year ; and a series 
of experiments, of which I availed myself during the 
sinking of one of tiie deepest coal-mines in this country — 
that of Dukinfield, near Manchester, which is about 
2,100 feet, or upwards of 250 fathoms — gives the follow- 
ing results, viz. : The amount of increase indicated by 
these experiments is from 51"* to 57** 40', from a depth 
of 20 to 693 feet below the surface, or 1** in 99 feet ; but 
if we take the results which are more reliable, namely, 
those between 693 and 2,055 feet, we have an increase of 
temperature from 57** 40^ to 75** 30' Fahr., or a mean in- 
crease of 1** in 76*8 feet This rate of increase is not 
widely different from that obtained by other authorities, 
such as Walfeoden and Arago, who found an increase of 
1** in 59 feet : other experiments have given an increase 
of 1** in 71 feet. 

In one respect the observations recorded in the Dukin- 
field mine are particularly interesting, as they give the 
temperature from carefully-constructed instnunents of 
various descriptions of rocks ; and appear to prove, what 
had hitherto been suspected, that the conducting power 
of the rocks exercises considerable influence on the tem- 
perature of the overlying strata, which accounts for the 
difference in the increase of temperature at different 
depths. However this may be, it is evident that the in- 
crease of temperature is proportional to the depth, being 
at the rate of 1** Fahr. for every 60 or 70 feet. 

If we assume the rate of increase to be continued to 
a depth of nearly three miles, we arrive at the tempera- 
ture of boiling-water ; at thirty-nine miles, we attain an 
amount of heat equivalent to 3,000°, which would melt 
the hardest rocks. At such a high temperature, and at 
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such a depth, we would naturallj infers firom the fore* I 
going, that the whole material of the earth, at and bekirl 
that point, would be in a fluid Btate^ and this would doubt- 
less be the case under the ordinary pressure of the at* 
mosphere ; but at that depth we have to take into account 
the weight of the euperincumhent maas^ as it pressea oa 
the fluid or Bemifluid matter below. 

It has always been a question of interest to geolo^te 
to ascertain the thickness of the earth's crustj or at wliat 
depth under the surface it becomes fluid. To determinej 
or rather to approxiraatej the solution of this questioDj 
my friend Mr. Hopkins of Cambridge, Dr. Joule, an^ 
myself were requested by the British Association to 
institute a series of experiments on pressurcj and the 
conductivity of the different strata with which we are 
acquainted. This very interesting inquiry has extended 
over a series of seven to eight years, and the results ob- 
tmned are of that nature which, I trust, will justify me 
in bringing the subject before you. The whole of tlie 
experiments have been carried on at my worka in Man- 
chester, having at the time a powerful apparatus, aa 
shown in fig. 1, 

A is a strong cylinder of brass, with a branch a com- 
municating with the cylinder B, into which w^orks a steel 
plunger c, which fits into the socket in the bar d. On 
the top of this bar the powerful lever e is apphed, wliioh, 
pressing on the liquid in the cylinder B, forces it througli 
the bore of the pipe a (on the principle of the Bramah 
press), and by %vliich nearly any amount of pressure mar 
be attained. On the top of the cap of the cylinder A, 
which is made air and water-tight, and inserted in the! 
bath F, a mariner's-compass G is placed, the use of whic1i| 
we shall presently describe* 
I ^ *^'ing adjusted the apparatus, and filled the,cylinde 
[ 'ihe material to he experimented upon^ a charcoal- 
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fire ie lighted under the bath, and before applying the W^ 
lever the pomt of fluidity is aecertained, Thia wm m- 
complished with great difficulty iu the first instance, a* we 
had no means of ascertaining the melting-point with any- 
thing like accuracy, until Professor W. Thomson of GIm* 
gow, who happened to be present at one of the experi* 
menta, suggested the mariner's-compassj and the introduce 
tion of a magnetic needle into the substance, which an- 
swered the purpose admirably. This ingenious application 
was effected by inserting the magnetic needle into the Bolid 
mass to be experimented upon : and having brought ths 
needle of the conipass within its influence ^ it point€d di- 
rectly over the centre of the cylinder, and was retained h 
that poaition so long as the material was in the solid »tatei 
but the instant the melting-point was arrived at, by iu* 
creasing the temperature of the bath, the needle, no longef 
supported in the solid substance, dropped through tie 
fluid to the bottom of the cylinder. The instant thatwaa 
accomplished, the needle of the compass, being no longer 
influenced by local attraction, turned round to the pok 
From this arrangement it will be seen that the tero* 
perature of fluidity was carefully and accurately dete^ 
mined. 

Let US now consider by what means the experimenia 
were calculated to determine the depth at which it wai 
supposed the solid crust of the earth becomes fluid. We 
have already shown that the temperature increases in tlie 
ratio of the depth as we penetrate below the earth's sut* 
face ; and, having ascertained the melting-point of any 
solid body at the pressure of the atmosphere, we had then 
to determine, by the apparatus just described, the effect 
that greatly-increased pressure had upon the material at 
diflerent degrees of temperature. For this purpose we 
commenced with substances such as spermaceti, bismnth, 
which melt at a low temperature ; and, by mean^ of 
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lie large lever, we indicated an increase in the temperature 
f fusion proportional to the pressure to which the fused 
\ms wa^ subjected. It was further ascertained that a 
ressure of about 159000lbs. on the square inch indicated 
1 increase in the temperature of fusion of less than 30°, 
r about one-fifth of the temperature at which they melt 
Qder the pressure of the atmosphere. 

Subsequent experiments show that, for every 500-lbs. 
ressure per square inch, the temperature of fusion is 
used V* ; but this law of increase leaves out of considera- 
on the conducting powers of substances when solidified 
nder pressure, and it has been left to Mr. Hopkins to 
low that those powers are materially increased by pres- 
iire — as also that the densities, strengths, and general 
lolecular structure of bodies are influenced, in some 
iven ratio, by the amount of pressure applied. 

All these conditions tend to increase the solid thickness 
f the earth's crust, and we may venture to state that, at 

depth of 100 miles, we should find a pressure equal to 
,200,000 lbs., or nearly 600 tons on the square inch. 
Vith this enormous force, according to the ratio of in- 
rease of 1® for every 500 lbs., we have an increase of 
3mperature equivalent to 2,600®; and taking 2,000° for 
le temperature of fusion imder the pressure of the 
anosphere, it would then require 4,600° Fahr. as the 
jquired point of liquefaction at that depth. 

Seasoning from these facts, we came to the conclusion 
lat the earth's nucleus, under the enormous pressure to 
hich it is subjected, may not be fluid but solids or pro- 
ibly in the semifluid state, so as to allow free motion of 
le particles, with a proportionate increase of temperature 
le to the pressure above the atmospheric point of fusion. 
a this calculation we have not taken into account, as 
efore stated, the conductivity of the superincumbent 
laes pressing upon the nucleus. This question is still 
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under the consideration of Mr. Hopkins, and we «rt 
encouraged to look forward with great interest to iti 
solution. 

To show the effect of great pressure on a variety » 
substances, I may here mention that I availed myself » 
the apparatus constructed for Mr. Hopkins' experimcnli 
to subject different materials to a pressure of from 90,(W 
to 124,000 lbs. per square inch, equivalent to 8^ 
atmospheres, or a column of water 51^ miles in heigbi 
and as these experiments are of great interest, I in»y 
venture in this place to introduce them to your notice* 
They were made on dried clay, dry charcoal, gunpowder, 
and on different kinds of timber. In the first series df 
experiments we were greatly linuted as regards tte 
amount of pressure employed ; the cylinder being 3 inches 
diameter gave only from 5,000 to 6,000 lbs. pressure p* 
square inch. This was, however, reduced to 1^ inch,ani 
ultimately a steel cylinder, | of an inch in diameter, was 
used, from which the following results were obtained:— 

TABLE SHOWING THB EFFECTS OF C0MFBES8I0N ON DIFFEBEMT ILLTBBUU' 



No. 

of 

Exp. 

6 
6 
6 

3 

6 

8 
18 


Description of 
substance. 


Diameter 
of cylinder 
in inches. 


Weight 

laid on in 

pounds. 


Pressure 
per sq. in. 
in pounds. 


Increased 
density. 


Benutzta. 


Dried Clay. 
Soot. 

Dried Clay. 

it n 

Bees Wax. 
Block Tin. 
Gunpowder. 


11 

a 
»» 

f 

>» 
11 


97,688 
97,688 
97,688 

54,680 

47,860 

64,998 
54,868 
83,262 


79,627 
79.627 
79,627 

123,607 

108,526 

124,990 

124,224 

67,844 


1164 
2081 
1-702 

0-726 

0-642 
0-800 
1-320 


JMeanHli 

rWith tin* 
J pressure the 
' CyUndflf 
I burst. 

Thisweiglil 
J was left 5 

for a period 
Lof43hoiB«' 



The beeswax and block- tin were solidified under prt^ 
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sure, or, more clearly, they were first melted and the 
pressure applied in the fluid state, and ultimately allowed 
to cool and become solid under that pressure. Great 
diflSculty was, however, experienced in getting the speci- 
mens out of the cylinders, although steel plugs were 
screwed into the cylinder-bottom for that purpose. The 
gunpowder, however, was an exception, as it did not 
adhere with the same tenacity to the sides of the cylinder, 
and was therefore extracted in the form of a cylindrical 
bar, with a smooth polished surface, as if turned in a 
lathe. There were six different kinds of gunpowder 
obtained for these experiments jfrom the Woolwich 
Arsenal: most of them were coarsely granulated, but 
when they came from the cylinder under pressure the 
granules were so minute as scarcely to be seen under the 
microscope, and the density so much increased as to have 
more the appearance of steel than of gunpowder. Some 
of our military friends were afraid of explosion, from the 
friction of the granules under pressure; but I appre- 
hended no danger, and I subsequently found that it 
would not explode; it would not even bum rapidly when 
held to a candle, but was slowly consumed by throwing 
off* numerous scintillations or incandescent sparks. This 
was not, however, the case when the consolidated speci- 
mens were again granulated and reduced to the state of 
combustion, as may be seen from the small residue of car- 
bon which was left. These highly-compressed specimens 
were submitted to Mr. Abel, the government chemist at 
Woolwich, for analysis; but he found little or no dif- 
ference in the specific gravity from the ordinary press- 
cake, the increase being the difference between 1'9353 
and 1-9290, equal to '0063. He also determined the 
amount of charcoal contained in the residue, after com- 
bustion, to be as follows : — 
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int of the body is precisely the same as that which pasgies 

nto it, Thifi view, to &t>mo ex tent, may be correct ; but it 

loes not recognise the principle of heat being lost by 

coBversionj according to the new theory of my frietid 

Br. Joule, who maintains that lieat may be changed by 

conversion into mechanical eflect. To elucidate this dis- 

tmction-^as it is put by Mr, Hopkins — snppoae a quantity 

of water to be poured into a vesieL It might then be aa- 

aerted that in emptying the vessel again we must pour 

out just as mnch water as we had previously put in. This 

would be equivalent to Carnot's theory witli respect to 

teat. But suppose a part, of the water while in the 

vessel to be converted into vapour, then it nvould not be 

true that in emptying the vessel the same quantity of 

wat^r (in the form of water) mu8t pass out of the vessel 

a-s had before passed into it, since a portion would have 

passed out in the form of vapour. 

On this the new theory of heat is founded, as it not 
otily asacils^ generally, the convertibility of heat into 
mechanical effect, and the converse ; but it goes further, by 
maiiitaining that whether heat be einployed to produce 
mechanical force, or mechanical force to produce heat, the 
result is similar' — viz.^ the same quantity of the one is 

Pmvalent to the same quantity of the other- 
It was reserved for Dr. Joule to lay the foundation of 
tW theory^ by a series of experiments to determine the 
law of equivalents ; and in whatever way he employed 
force to produce heat^ he found the same approximate 
<lMntity of heat to produce the same amount of mechanical 
1 fee. This force he estimated in foot-pounds — namely, 
tiiat the introduction of I'' of heat into 1 lb. of water is 
equivalent to 772 lbs. raised to a height of one foot. From 
these researches is derived the Law of Equivalents, now 
hi geaeraJ use as the measure of work done by the ap- 
plication of any description of mechanical force- 
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LECTUKE VI, 

IRON AND ITS APFLIAKCES.* 

It fe(|uircs no great depth of research to discover flis 
time when iron first came into use in aid of our manufac- 
tiinrifi^ indiiBtry. It is almost within the recollection of 
tlio jjruKimt generation J and we may safely date its appll- 
imtian to the discoveries of Watt and Arkwright. It^ 
uxtriiwivo use may date from the commencement of th^ 
]jrt'i*(^nt century, or, more accurately J from the close oftb^ 
wur it! 1815, when a new era burst upon the country ii^J 
tho (cultivation of the arts of peace. From that time tc^ ' 
tin* present there has been a continuous and amazing in— 
creane— an increase unparalleled in the history of nations^ 
and without exam pi e^ as regards extentj in its variei 
1 firms of application to constructive art. It must be in 
the recollection of many persons now living, how Y&cf 
imperfect our machines and mechanical contrivances were 
as late as 1820. At that time the steam-engioe had ccr^ 
tainly attained a tangible shape in being composed en- 
tirely of iron, and millwork was just emerging from the 
state in which it was left by Sraeaton and Renoie. Both 
of these engineers had introduced improvements, by sub- 
stituting to some extent iron for wood; and the latter, ia 
his construction of the Albion Mills, was the first to sup* 
plant the old wooden wheels by the more compact and 
ingenious constructions of cast-iron, Smeaton and Kenn^e 

• DoHv^rod to the menibera of the Literary an J Philosophical Soei«^ *" 
VdwcaBtle-Oii-Tyne, 
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y therefore be considered the pioneers of iron appli* 
^s< In their time little was done ; but it inay> never- 

less J be interesting for ua to follow this invaluable 
terial through the different stages of its utility , and 
at of its appliance — 

i St. To the Steam-engine ; 

and. To Millwork ; and 

3rd. To Machinery: noticing the varied forms and 

iditiona in which it is employed for security on the 

e hand J and its economical distribution for the purposes 

construction on the other. In these topics will be found 

BScient to engage our attention for the evening. 

It must be borne in mind that in every construction, 
lether it be , a housej a ship, a boiler, or a bridge, the 
chitect or engineer is supposed to be conversant with 
e mechanical and chemical properties of the material he 
nploys. Assuming this to be the case, we have then to 
insider, in treating of the first division of our subject — 
le Steam-engine— what are the strains to which ita dtf- 
^rent parts are subjected, and what rules we ought to 
>lbw to attain a maximum result. Let us, for example, 
ate the boiler, and we shall find, in that alone, consid era- 
ions of deep importance, as regards its construction, 
'tid the quality of the material of which it is composed, 
^owj with respect to its security, durability, and econc>- 
ny, we have to consider the nature of the forces which 
W!t upon its interior surface ; and from these we have to 
'^instruct a vessel which, in material and workmanship, 
presents its maximum powers of resistance- These are 
the rec^uisites and the responsibilities which the engineer 
incurs in constructions of this kind ; and in order to arrive 
at the required data^ and the necessary skill for the due 
and perfect performance of such a duty, it is evident that 
they should not be entrusted to the head and hands of 

& 2 
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the i^ortnt and tminformed. To make a sound an3 
perfect boiler — or m near perfection as possible — we haT& 
to take into iiecouiit the working- pressure of tlie steam m 
the best forms necessary* to resist that i>ressure, to arriv^^ 

at the maximum of safety. These and other consider 

atians — such as the riveted joints^ position and forms o^^^^ 
flues, &c,— are necessary to be taken into account im^^ 
order to prevent expUision and coUapse.* 

In a previous communication I pointed out that tbe 
cylindrical boiler is the only one calculated to resist the 
elastic force of steam, and that the greatest care is nece§ — -^ 
gary to l>e observeil, not only as regards the strengtli oi:^ 
the I Jatej? — which should be of the best quality^ equal to i^*^ 
tensile strain of twenty-one tons per square inch— bai^-^ 
they should be double-riveted, if we are to have a per— ^^ 
fectly strong and well-constructed boiler. But befai"^^" 
entermg ujyon the art of construction, allow me to direr -^^ 

your attention to some of the properties of steam, a ^ 

regards its temperature, pressure, volume, and deuBitj J 
and we shall then have a better conception of the force^^ 
with which we have to deal., and how to regulate tlies^ 
force.s_, and construct vessels to retain them without nsi 
to projjerty or any of those casualties which endanger life. 



* Viik ' Ueeful Information for Engineeri/ 1st series 4tli edition, p. 38> 
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TABLE I. 
Table of Tbxpbratures, Volumbs, Pbesstbe, etc. 







Relative volume of 


ressare per square inch 


Corresponding tempe- 


steam compared to vo- 


in pounds 


rature of Fahrenheit 


lume of water that 
produced it 


/ 1 


102-9 


20954 


iw the Atmo- 


5 


161-4 


4624 


sphere 


10 


192-4 


2427 




. 15 


213-0 


1669 




r 1 


216-4 


1572 




5 


228-3 


1280 




10 


2407 


1042 




15 


251-2 


882 




20 


260-3 


765 




25 


268-9 


677 




30 


275-7 


608 


»ve the Atmo- 


50 


299-1 


434 


sphere 


70 


317-8 


340 




90 


332-2 


281 




105 


343*3 


249 




135 


360-8 


203 




165 


375-6 


173 




180 


382-3 


161 




210 


394-6 


141 


225 


400-2 


133 



m, as these forces have to be retained within com- 
ively small limits, we must endeavour to ascertain 
orce which tends to rupture a cylindrical boiler in 
irection of its axis, or to separate the ends from the 
To accomplish this we have only to multiply the 
of the ends, in inches, by the number of units of 
applied to each superficial inch, and the result is 
)tal divellent force in that direction. To resist this 
. we have to ascertain the area or number of square 
8 of the plates in the circumference, as the resistant, 
I, acting by tension in a longitudinal direction, will 
I the ends in their places so long as the strength of the 
)r of the riveted joints exceeds that of the internal 
» or until the moment of rupture, when they become 
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equal. Let us, for example, suppose a boiler, six feet in 
diameter and thirtj feet long, to be compoaed of f-inch 
plates, whose ultimate strength is tweutj-one tons per 
square inch^ and we have^ with steam of sixty pounds 
pressure, a force against each end of the boiler of 
244j290lbs. = 109 tons. To this force we have a resist- 
ance equivalent to the areas of the plates, 84 "75 x 21 = 
1779*75 tons, which gives a large margin of strengtii} 
being in the ratio of 1779 ; 109^ or nearly as 16 : 1* 

This excess of streugth is evidently great ; but I have 
already shown by direct experiment that we must not 
calculate upon such a pow^erful resistance as twenty-one 
tons per square inch, but must reduce it to the following 
standard J viz. : — 

If we take the ratio of the strength of the plate at 100, 
we must reduce it for double-riveting to 70, and for single- 
riveting to 56— so that w© have the resistance in the ratio 
of the numbers 100, 70^ and 56. Now, as very few 
boilers are double- rivetetl- — unless it be locomotives— we 
come to the standard of 56 instead of 100 j and in pla^fi 
of the boiler being equal in its powers of resistance to 
1779'75 tons, as given above^ it would burst, or the enil^ 
would be torn from the sides with 996-6 tons, being *^ 
the ratio of 996*6 : 109- — or, in other words, it is nine 
times stronger than the assumed pressure at which it ib 
worked,* This is not, however, the case as regarck the 
curved sides, which have a tendency to rupture along tli« 
whole length of the cylinder upon each lineal unit of its 
diameter. With the forces in the direction calculated tQ 
divide the cylinder in halves, the resistance would be re- 
presented by multiplying the diameter by the for^e 

* This in clearly the case, and we inaj calculate the actnaal reai stance ^ 

d^ttnfitiP' the artnis of the riYet-holpfi, M'hich rt?duc(is the area from S4'?5 

^^iches, which tak«nt asj above, at 21 t-ons per aqimre inch gifs* 

^^^^^B ^a uear approach to tbts e^itifficicat of 56 ad the tdtifflft^ 

^^^^B 'VriTetcd joint. 
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erted on each unit of surface, and the product by the 
igth of the cylinder, which gives the divellent force in 
at direction. 

Taking the boiler which we have selected, 30 feet long 
id 6 feet in diameter, and plates |-inch thick, and we 
;ain have — 

72 X 60 X 360 

=694 tons 

2240 
i the pressure acting upon both sides of the circum- 
jrence throughout its whole length. 

Now, assuming that the plates with single-riveted joints 
re equal in their powers of resistance to 34,000 lbs., or 
bout 15 tons per square inch,* we then have according 
) the above rule -375 x 360 x 2 x 15=4050 tons as the 
3rce that would burst the boiler. It has, however, been 
hown that the collective force upon the longitudinal 
earns is only 694 tons ; consequently we have an excess 
f strength in the ratio of 4050 : 694, or as 6 : 1 nearly, 
^^ow this is not too large a margin of security, but it is 
ufficient, provided the plates and workmanship are of 
ke best quality — otherwise it would be desirable to have 
bicker plates. To this, however, I have a decided ob- 
ection, as there is no economy in the use of an inferior 
Qaterial ; on the contrary, it is highly injurious as regards 
ke transmission of heat, and the strength of the boiler 
^hen composed of an inferior quality of iron cannot be 
depended upon. In every case of boiler-construction it 
3 essential that we should avoid the introduction of in- 
crior plates, which in general partake more of the crys- 
alline than the ductile character, and are therefore highly 
>l>jectionable where they have to resist so powerful an 
^gent of destruction as the elastic force of steam. 

On this part of the subject I may advert to facts which 

* Vide * Useful Information for Engineers/ 1st series, 4th edition, pp. 
*i et sea. 
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I have stated before,* that on referring to the compara* 
tive merits of the plates composing cylindrical yessek 
subjected to internal pressure, they will be found in this 
anomalous condition, that their strength in their longi- 
tudinal direction is twice that of the curvilinear direction 
This appears by a comparison of the two forces, wherein 
we have shown that the ends of the 3-feet boiler, at 40 
lbs. internal pressure, sustain 360 lbs. of longitudinal 
strain upon each inch of a plate a quarter of an inch thick— 
whereas plates of the same thickness have to bear in the 
curvilinear direction a strain of 720 lbs. This difference of 
strain is a difficulty not easily overcome, and all that we 
can accomplish in this case will be to exercise a sound 
judgment in crossing the joints, sound riveting, and 
superior workmanship. For the attainment of these ob- 
jects, the following table, which exliibits the proportionate 
strength of cylindrical boiler, from three to eight feet in 
diameter, may be useful : — 

TABLE II. 

Table of Equal Strengths in the Eitteraal Shell of Cylindrical Boilers from 
3 to 8 feet diameter, showing the Thickness of Metal in each respectively, 
for a Bursting Pressure of 450 lbs. to the Square Inch. 



Diameter of 
boilers 


Bursting pressure equivalent to the 

ultimate strength of the riveted 

joint, as deduced from experiment, 

34,000 lbs. to the square inch 


Thickness of the 
plates in decimal 
parts of an inch 


ft. in. 
3 

3 6 

4 

4 6 

5 

5 6 

6 

6 6 

7 

7 6 

8 


450 lbs. 

> 


•250 
•291 
•333 
•376 
•416 
•468 
•600 
•541 
•683 
•625 
•666 



* Fide 'Uncivil Information for Engineers,' Ist series, 4th edition, pp- 
42 ei eeq. 
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There is another question relating to the strength of 
)ilers which requires careful attention — yiz., the in- 
mal flues, and their resistance to external pressure. In 
klculating the strength of boilers, the internal flues, until 

• late years, were never taken into account. They were 
ways considered much stronger than the exterior shell, 
id no danger was apprehended from their collapse, 
few, in the very face of these conclusions, numerous 
istances of fatal explosions have occurred, not from the 
eakness of the boiler itself, but from collapse of the flues, 
^hich at a subsequent period were found, from actual ex- 
eriment, to be the weakest part of the construction. 

From the first commencement of boiler-construction to 
very recent date, we all of us acted under the impres- 
ion that the flues were the strongest part of the boiler, 
nd that a perfectly cylindrical tube, when subjected to 
' uniform pressure, converging upon its axis, was equal 
1 its power of resistance, irrespective of its length. This 
'as, however, an erroneous opinion ; as I found, on sub- 
litting a series of cylindrical and elliptical tubes to ex- 
-rnal pressure, that they were weak, and in many cases, 

long boilers, they were only one-third or one-fourth the 
rength of the boiler. This anomalous condition of boiler- 
►Ustruction will account for the numerous accidents that 
tve occurred. It has now been remedied ; and deduc- 
>ns from a series of valuable experiments have shown 
at the resistance of flues or cylindrical tubes, instead of 
'ing uniform, follows a totally different law, and gives 
Lthin certain limits a power of resistance inversely as the 
Qgth of the tube. These facts led to a very simple and 
expensive process, by which existing flues may be 
lengthened to almost any degree of tenacity, by the 
oaple introduction or attachment of "f-iron or angle-iron 
>ops at certain distances in the length of the flues.* 

* Vide 'Philosophical Transactions' for 1867, and 'Useful Information 
c Engineers,' 2nd series. 
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From these experiments, I found that the resistance i 

flues or tubes varies in the inverse ratio of their diameters— I 
inversely as the lengths, and directly as the power of the] 
thickness of the plates : or it may be stated that the j 
strengths decrease in the ratio of the increase of the [ 
diameters and the lengths^ and increase nearly as the j 
fiquare of the thickness of the plates. The general fonnuk [ 
for calculating the strength of wrought-iron tubes is, | 
therefore, where 

P = collapsing pressure in pounds- 
K = thickness of plates in inches. 
L = length of tube in feet. 
D= diameter in inches, we have 



P = 806,300 



L D 



or it may be calculated by logarithms, in which case it 
may be written — 

Log. P = 1-5265 + 219 log. 100 K-log.(L D> 

To illustrate this remarkable law: if we take three | 
flues peri'ectly similar in every respect, one 10, one S 
and the other 30 feet longj we shall find the first twice 1 
the strength of the second, and three times the streng 
(if the third — and so on for any required extent, where the 
length does not exceed 20 diameters of the tube. 

It will not be necessary to pursue this part of the 
subject further, except only to direct attention to the fol- 
lowing tables, which have been constructed from the 
experiments hearing directly upon the elastic force of 
steam J internally as relates to tension, and externally ^ 
relates to the collapse of the flues : — 
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TABLE m. 

showing the Burstmg and Safe Working Pressure of Boilers, as 
iced from Experiment, with a Strain of 34,000 lbs. on the Square 
. as the IJltimate Strei^gth of Riveted Joints. 



leters of 
oilers 



in. 

3 
6 
9 

3 
6 
9 

3 
6 
9 

3 
6 
9 

3 
6 
9 

3 
6 



Working pres- 
sure for f>indi 
plates 



Bursting pres- 
sure for f-inch 
plates 



lbs. 
708^ 
653} 
607 



631 

600 

472 

447i 

425 

404f 

386| 

369} 

354 

340 

326J 

3141 

303^ 

293 

283^ 

274 

265} 

267} 

250 



Working pres- 
sure for ^inch 
plates 



lbs. 
157: 

145; 

134i 

125i 

118 

111 

104i 

99:. 

94: 

89i 

85i 

82 

78} 

75; 

72^ 

69: 

67i 

65 

62f 

60| 

59 

57 

65i 



Bursting pres- 
sure for f>inch 



377i 



» for |-inch plates. — Divide 4250 by the diameter of the boiler in 
; the quotient is the working-pressure, being one-sixth the strength 
joints. 

I for J-inch plates. — Divide 5666-6 by the diameter of the boiler 
les, and the quotient will be the greatest pressure that the boiler 
work at when new ; that is, at one-sixth the actual strength of the 
d iron. 

e above table may be considered practically safe for 
instruction of boilers of good iron, to be worked at 
pessure indicated in the second column ; and the fol- 
g Table of Equal Strengths of Cylindrical Flues may 
be relied upon for a collapsing pressure of 450 lbs. 
q[uare inch : — 
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TABLK l\\ 

Table of Equal Strengthsi in the CyHn<lrit:al Flues of Boilers^ fi-om 1 1« i\ 
feet in disimeter, wad from 10 to 30 jVet in h ngth, showing the n«iutK(fl| 
Thicknpsa of Mtftal for a Coilsipsing Prt^satire of 450 lbs. per tlqttiifrl 
Inch.* 



i 


^P Ai^^ !„ -^ A^ 


TMtJknega of plates in parts of on Inch 


in Infthcw "^^ ""'^ '" H"^""" 




1 


per BquaHi ianh 


For a1Q>^fcct 


For a 20-feet 


WoKhm^ 




flue 


fine 


iSr 


12 


f. 


'291 


'B99 


-4S0 


18 




■360 


'480 


'578 


24 


450 


■a99 


■648 


■659 


30 


-442 


'607 


'730 


36 




'480 


'669 


■794 


42 




'616 


■707 


'851 


4S 




■64& 


■752 


■906 



* These calculations are fonnded on the Bappoaitvon that the 20 i 
30 feet long twts hayo no T-iro^ op ani^le-iron hoops. Bj the introdud 
of tbeae n«:eBsarj adjuncts M everj 10 feet, or shorter distances^ the pll 
for the 20-feet and 30-fwt flues maj be reduced to those of t^e lO-fcet hi.^ 

Boiler Explosions,— At a very early period^ 
about the time when engineera and the owners of st 
engines found that a considerable amount of saving wa 
effected by increasing the pressure and working the stm 
expansively (as had been done in Cornwall in the pump-* 
ing-euginc for some years previously), it was looked upon 
as impossible to apply the same principle of expansion to 
steam-engines w^hich gave motion to a flywheel and the 
machinery of a manufactory. This imaginary imiiossi- 
bility existed for a considerable number of years; but 
time and experience revealed that the principle was ap- 
plicable in both cases, and that the inertia or vis viva of 
a flywheel was the same as that produced by a vertical 
lift of the pump-rods and water combined in the recipro- 
cating motion of the steam-engine. This having been 

sertained, a new conception burst upon the less cant 
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of the commimityj in the desire to do more work with less 
fuel and at less cost. Hence followed the desire not only 
to economise but to increase the pressure beyond the 
resisting powers of the boiler, and thus, through ignorance 
and without consideration, numbers of persons w^ere in- 
duced to incur risks of explosions that too frequently were 
attended with loss of life. It was in this stage of disaster, 
when I was repeatedly called upon to investigate the causes 
of these accidents, that I became acquainted with the 
numerous defects of boiler-constructions , and the causes 
of explosions. 

In these investigations I witnessed sufficient to convince 
me that the great majority of the accidents arose &om 
the malconstruction of the boiler and excess of pressure, 
too frequently caused by ignorance or gross neglect. 
These facts led me to institute a long series of experi- 
ments , to determine the best and strongest form of boiler 
in the first inistanee, and the density, volume, and pressure 
of steam in the second. It moreover led to the establish- 
ment of an Association which, in mj opinion^ has saved 
more lives, and done more real service for the protection 
pf property, than any other institution in the kingdom.* 
■I It is true there are other associations on the principle 
e£ insurance^ but these are established for the purpose of 
securing good dividends to the shareholders ; whilst that 
over which I have the honour to preside is perfectly 
gratuitous^ and is founded exclusively, at a comparatively 
small costj for the protection of life and property. The 
Directors have no pecuniary advantage, directly or in- 
directly, and give their services gratuitously, for the 
benefit of those who choose to trust their boilers to careful 
periodical inspection^ 

I have considered it my duty to mention these facts* 
^nd to enti'eat the owners of this district to avail them- 
* See page 0, 
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selTes of the aecurity offered by this asscKiiation ; and tbey 
will find not only greatly increased security, but a con- 
siderable amount of economy in the management and 
durability of their boilers, 

Numerous theories haye been promulgated to accoui 
for boiler explosions- — such as shortness of water, red-hot 
plates 3 explosive spheroidal water^ gases , collapse of fluea, 
and over-pressure. The njost re li able, however, are tlwes 
of Mr. Colbnrn and the Astronoraer Royal ^ both of whom 
appear to have arrived at conclusions nearly identical. Mr* 
Dp K, Clarke has also directed his attention to this subject 
in his article on the Steam-engine, published in the last 
edition of the ^ Encyclopsedia Britannica/ Mr- Colbunii 
in a short but excellent treatise on the Causes of Boiler Ex- 
plosions, disposes of the erroneous theories of electricity, 
decomposed steam, spheroidal ebullition ; and at once 
advances the practical causes, instantaneous in theif 
operation, which so frequently lead to boiler exploaions. 
These^ aceording to Mr. Colbum^ are as follows : — 

Ist, — The rupture^ under hardly, if any more than, the 
ordinary working-pressure^ of a defective portion of felie 
shell of the boiler — a portion not much^ if at aUj below 
the water-line, 

2nd* — The escape of free steam from the steam-chamber, 
and the consequent removal of a considerable part of the j 
pressure upon the water before its contained heat can ] 
overcome the inertia, and permit the disengagement of i 
additional steam. ■ 

3rd. — The projection of steam combined, as it necessar]l|H 
must be, with the water, i^ith great velocity, and through ^ 
a greater or less space, upon the upper sides of the shell 
of the boilerj which is thus forced completely open 

If en to pieces* 

The subsequent disengagement of a large quantii 
tti the heated water no longer confined vtitl 
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the boiler^ and the consequent projection of the already 

separated part of the boiler to a greater or lem distance. 

These appear tc be the chief causes of boiler explosions* 
as announced by Mr, Colbum. The Astronomer Roytd 
appears, in his paper read at the last meeting of the 
British Association in this town (Newcastle), to have 
arrived, with some slight variationsj at similar conclusions. 

The Astronomer Royal states that— ^ A little considera- 
tion of the changes in the state of the water and steam, 
which occur during the bursting of a steam-boiler, will 
show that very little of the destructiYe effect of an explo- 
sion is due to the steam w^hich is contained in the steam- 
chamber at the moment of the explosion. The rupture 
of the boiler is effected by the expansive power common 
at tlie moment to the steam and water, both at a tem- 
perature higher than the boiliug-|>oiut ; but as soon as 
steam escapes, and thereby diminishes the compressive 
force upKjn the water^ a new issue of steam takes place 
from the water, reducing its temperature. When this 
escapes, and further diminishes the compressive force, 
another issue of steam, of lower elastic force, from the 
water takes place, again reducing its temperature ; and 
so on, till at length the temperature of the water is re* 
duced to the atmospheric boiling-point, and the pressure 
of the steam (or rather the excess of steam-pressure over 
atmospheric pressure) is reduced to 0. It is the enormous 
quantity of steam ^ of gradually diminishing power, which 
is thus produced from water during the course of the ex- 
plosion, that causes the disastrous effects of the explosion. 
Compared with this quantity, the small volume of gas 
which may happen to be in the steam-chamber at the 
time is, in boilers of ordinary construction, wholly insig- 
nificant, and may be entirely put out of sight in the 
succeeding investigation^ 

* 2iid* — If we compare the course of changes in bursting 
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in two boilers — a large one and a small one? we Bee tliat 
the order of changes ia the same in both ; but that to 
reduce the temperature of a large body of water, by a 
certain number of degrees, a large volume of steam mtiit 
escape ; whereas to reduce the temperature of a small body 
of water, hj the same number of degrees, it will suffice' 
that a smaller volume of steam (emaller in the same p 
portion as the bulk of water) escapes. Thus it will appe^ 
that the whole volume of escaping steam at a given 
surcj and the whole destructive energy of the steam, ari 
proportional to the bulk of water. 

*3rd. — For measure of the destructive energy of tie 
steam, we must suppose the simplest and most easily mrrt- 
surable case — namely, that the steam in expanding dii^u- 
the piston along a uniform cylinder. It ia necessary to 
ascertain the value of the pressure (F), when the steam ]m 
expanded so far as to have pushed the piston to the dis- 
tance JT. Then the measure of the total energy m fd jft 
the Integral being taken fixim the point where the piston 
was in contact with the water to the point where the 
excess of pressure of the steara above atmospheric pres- 
sure = 0.* 

From my own inquiries in the more early stages of 
boiler-explosioUj I have generally traced these catas- 
trophes to over^pressurc. This term aver-presfture has been 
objected to, but the literal meaning of the exjiression is, 
that whenever the elastic force of the steam from within 
exceeds that of the resisting powers of the boiler from 
without, explosion ensues. This may arise from fiuch 
causes as defective safety-valves, or corrosion, where ex- 
plosion may take place at the ordinary working -press ure ; 
or it may arise from collapse of the flues, or from mal- 
iction. One tiling is however self-Hivident, viz.* 
strength of the boiler in all its parts must greatlj 
>f the pressure of the steam if we would avoiJ 
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Hitherto we have confined our attention to boilers con- 
ructed of rolled plate iron^ under the assumed impression 
lat this is the only material calculated to make a good 
oiler. At the present moment this is apparently the case, 
ut the time is probably not far distant when we may save 
•ne-third of the weight without incurring any diminu- 
ion of strength. If we look around us, there are evi- 
iences in every direction of changes and improvements, 
bending to a revolution in the chemical as well as the 
mechanical properties of iron. We know to a fraction 
lie exact quantity of carbon, or any other element or 
chemical compound, that must be left in or taken out in the 
fiifiing and manipulating process of making iron or steel ; and 
we can measure to a nicety the percentage of carbon that 
is necessary to produce what is called homogeneous iron, or 
that description of metal that partakes in a greater or less 
clegree of the characteristics of both iron and steel. These 
combinations are highly valuable, as they can be modified 
to any extent, and thus give to the operator all the 
requirements for produciDg iron of a ductile, fibrous, 
or crystalline structure. Now, although these diversified 
combinations and powers of varied production are in opera- 
tion at the present time, we have not yet attained that 
degree of certainty in the manufacture, as to produce either 
iron or steel of the exact quality and description that is 
i^uired. There still exists a want of uniformity of struc- 
tm«, and until that is accomplished, we must be content 
to take for the purposes of calculation the minimum 
instead of the maximum powers of its resistance to strain. 
1 do not, however, despair of realising this desideratum in 
the manufacture, as the number of distinguished men who 
^e now seeking to attain that object is a sufficient gua- 
i^ntee for its ultimate success. 

United to chemical combinations and analysis in the 
i&anufacture of iron, is a due observance of the varied 

I 
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forms and conditioBS of the processefl in the mechanical 
manipulation to which the blooms or ingots are eubjectei j 
These, when carefully conducted, having regard to tem-j 
perature, wiU produce tlie requiaite elongation of fibres, 
and that amount of ductility or hardness which may bft I 
required as a property of a given description of iron ori 
steel, and that probably without injury to that hom(h| 
geneous character so much wanted in constructive art,! 
It is quite evident that the old process of piling and 
welding a number of bars together to make a plate, of! 
any other particular fonrij is not a sound process of maiittH 
facturCj as the welding is often imperfect^ and hencft^ 
follows that laminated appearance of the fibrous and crys^ 
talline character invariably present in plates and large 
masses made from piled bars. This is not, however, the 
case, when the article is made from the homogeneoUB 
ingot, which J having been cast, is then subjected to con- 
soHdation by the hammer and the rolls ; and thus^ by re- 
peated heating, its crystalline character is partially re- 
duced to the fibrous state by impact^ elongation, mi 
compreasion, and by these devices its resistance to strain 
is augmented and greatly improved. With this prospect 
before us we may^ therefore, look forward with hope to a 
more perfect state of manufacture, and the realisation of 
that desideratum which is still wanting — namely, perfect 
uniformity in the strength and other properties of both 
iron and steel. It is true we have had boUers made aoi 
fihipa built from steel plates, but we are still wanting in 
that degree of unifonnity of character in the manufacture 
as would indicate with certainty that the whole batch was 
equally strong, as a single faulty plate might prove 
equally fatal to the structure as if the whole were of tbat 

have now treated of the boiler ; but there is anoti 
nee of great importance in the construction ( 
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steam-engines^ particularly thoie adapted to the drainage 
of mines, that must not be averlcmked. The lamentable 
and disastrous occurretice which Uyok place at Hartley 
Colliery, by the breaking of a caBt-iroii engine-beam a few 
years Bince, must be fresh in the recollection of the public 
and those now present. This unfortunate catastrophe, by 
which upwards of two hundred valuable lives were lost, 
was chiefly due to the uncertainty of cast irt>n when cast 
in large masses ; subject, as is generally the case, to un* 
equal contraction in the proeess of cx>oIing, Altogether 
^^fmt iron is never a perfectly secure material when sub- 
'Ejected to severe strains or the foroe of impact ; it is never- 
theless of great value in most constructions- On almost 
every occasion, where the casting is large, there h a degree 
of uncertainty, arising from the want of proportion of the 
parts, secret flaws, want of attention to uniformity in 
flie process of cooling, and the danger of having some 
parts of the casting in a state of unequal tension — techni- 
cally csAled hide-^ound — which ultimately leads to fracture. 
The greatest possible care is therefore necessary in every 
description of beam or girder, to select, in the first instance, 
the proper mixture of metal ; to study the art of propor- 
tion, in order to attain perfect uniformity in the cooling, 
and to relieve the article — whatever it may be^ — from un- 
equal strain in the contraction of its part45. This is an art 
surrounded with many difficulties, as every casting cal- 
culated to sustain severe strains is subject to unequal 
contraction, unless it is carefully prejiared and duly 
proportioned to a«lmit of uniform tension in the combi- 
nation of ita parts, 

1 have been the more particular on these points, as I 
have witnessed, in my own experience, so many failures 
arising from want of knowledge, or neglect of these im- 
portant considerations, that I have ventured to direct 
your attention to themj and to show how essential it is to 

13 
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security and ultimate success in the produGtion of sound 
castings, to watch carefully the laws of crystallizatioD, by 
which Nature works in the process of passing from the fluid 
to the solid state. 

On the question of engine -beams we are, howeyer^ 
relieved from all doubts on the score of securitys by the 
employment of wrought instead of cast iron. It has often 
occurred to me, in the exercise of my profession, that in 
engine-beams, as in hndges, a judicious combination of 
that material would reliere us from all anxiety as regarfb 
safety ; and, moreover, it would establish a new and im- 
portant era in the application of wrought iron in place of 
cast iron for the main beams of engines* 

This idea IB not new, as it occurred to Mr. Murray, of 
Chester-le- street J and Mn John Taylor as well as myself; 
and the firm at Manchester has constructed for these 
gentlemen three large beams of this class. The first waa 
at work shortly before the Hartley catastrophe, and ha™g 
been constructed under my own immediate superintendence, 
I have considered that a description of its strengths and 
other properties may not be unacceptable to the miners of 
this and other districts. 

The beam, of which the annexed plate is an engravingj 
is of the tubular form, composed entirely of plate iron,] 
with cast-iron centre sockets to receive the axis, 
crosshead of the pump-rods, and parallel motion- 

The dimensions of the beam are as follows z- — Lengthi] 
28 feet 8 inches ; depths 5 feet 6 inches ; and width, 2 feet J 
The sides are of f ths iron, supported between the flanged I 
with T-iron over the joints, and corresponding strips oUfc-| 
lide^ The upper and lower flanges are composed of the] 
best double-worked plates and covering plates, ehaia- 
t,ed, each 2 feet wide and ftlis of an inch thick; and] 
*e riveted to the sides by double-angle ironSj U j 
If rtj Qf a, &c. For the reception of the jm&\ 
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mtre at A, are two cast-iron plates firmly riveted to the 
des and angle-irons of the flanges, as also to two X-iron 
bs inside, which stiffen the side at B, b. At the extreme 
ids, D, and £, and at F, G and H are similar castings, to 
iceive the pump-rods, parallel motion, air-pump rods, &c. 
hese constitute the more important features of the struc- 
ire, as may be seen from the drawings. 
The calculation of its strength, according to the formula 

r=: — — , is as follows : — 

et Z = the length of the beam . . . = 28 ft. 8 in. 
„ d = the depth „ . . . . = 5 ft 6 in. 
», a = the area of the bottom flange = 56 sq. in. ; and 
», c a constant derived from ex- 
periment = 80. 

HenceW =^^'^^,^ f'f ^^^ = 870 tons as the break- 
28 •66 

ig weight of the beam in the middle. 

Kow, as the beam, in its reciprocating action, is sub- 
cted to alternate strains of tension and compression, and 

the load to be lifted will never exceed from 85 to 90 
tis, we may safely consider the ratio of strength as 
O : 90, or nearly as 10 : 1 — a safe margin of strength ; 
d this will amply provide for the force of impact to 
iich every description of engine-beam is subjected in 
se of any accident to the buckets or pump-rods in the 
-. Besides there is this additional security, that wrought 
^n is three times the tensile strength of cast iron ; and, 
irig a fibrous and ductile material, there is less chance 

it snapping asunder without notice, and subjecting the 
Ipless miners, as in the case of the Hartley pit, to an 
remediable and lingering death. With these facts before 
^3 and the means of rendering our engines free from 
^tiger, I have to urge upon the coalowners and engineers 

this and other districts, and in cases where there are 
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doubts of security J and so in all future engines, that the 
main beams be made of wroiigbt iron. 

Having thuB pointed out what is necessary to be ob- 
served in the application of iron to the steam-engine (I 
speak of it in its general sense^ without entering into the 
classification of iron and steel to the principal parts of the 
steam-engine), I may, in conclusion of tliis division of the 
subject J notice the cy Under j connecting rod, and crank j as 
requiring careful attention on the part of the constructor 
and engineer- The forces applied to the cylinderj whicli 
is always made of sound cast iron, are upon its circum- 
ference, bottom, and cover, the same as those applied to 
the boiler; and the same formula may be used iu the 
calculation in regard to strength, but with this difference, 
that seven tons per square inch must be taken as the 
ultimate tensile strength of the material. The same may 
be said of the coxmecting rod and crank, excepting only 
as regards the transverse section of the former, which 
should be, in the middle (if made in the form of ribs or 
webs?) three times the diameter of the solid part of the rod 
at the beam and crank. 

Ab respects the crank, the same formula — 

y^ = ^ ^ ^ 

used for calculating the strength of beams, may be appHed, 
with this difference only^ — that the constant c, for wmught 
iron, is 80, whilst that for cast iron is only 26. For ordi- 
nary purposes these calculations will be found practically 
safe, but, in all these constructions, I must confess that 
much depends upon the experience and practical know- 
ledge of the engineer, and that a keen eye to proportion j 
^ sound judgment are frequently of much greater I 
a whole volume of algebraical formulae.* 

hod of coniputation is sa fallows: — 
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I much fear that in these iijvestigations I have enlarged 
to an extent sufficient to try your patience ; but as steam, 
the steam-engine, and the material of which the latter is 
composed, enter largely, in these days of iron, into our 
daily occupations, I trust I may be excused if I have been 
a little prolix, and trenched to some extent upon your 
valuable time. I must now, however, direct your atten- 
tion to another part of our subject, namely — 

The Application of Iron to Millwork. — The 
trade of the millwright is of long standing. He was the 
great pioneer of mechanical progress, and for many cen- 
turies exercised the functions of engineer, wheelwright, 
and occasionally that of blacksmith, fitter, and turner. 
In fact, until of late years, the millwright of former days 
monopolised nearly the whole mechanical industry of the 

Diameter of piston rod « from ^ to -^ area of cylinder or 
Where d= diameter of piston rod and P=tlie pressure of steam in the 
cylinder in lbs. per square inch. 

^^j^ 2267 "*■ '^ ^^^ "wrought iron. 

-goQg + '19 for cast iron. 

Main centre, 1^ to 3 times diameter of piston rod. 
For the crank — 

Where D «= diameter of crank shaft, 
d = diameter of crank pin, 
HP = the indicated horse-power of engine, 
R =the number of revolutions of flywheel per minute, 
D^ 3 /250HP 

V ~R~" 

and if S=»the pressure per square inch of the steam in the cylinder, 

V 200ir 

Depth of eye . . . =0*9D 
Diameter of large end . — I'SD to 2 D 
Web .... =0-66D 
Connecting rod — ^wrought iron — 

Diameter of neck« IJ times diameter of piston rod, 

Swelling, | inch per foot of length. 
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country; and such, were his jealousies of the rights and 
immunities of his profession, that he held in comparatife 
contempt all other trades that could not assign reasons for 
the exercise of those pursuits wliich he erroneously claimed 
Bfi his own peculiar privilege. These exclusive notions 
were, however J the errors of the age in which he hved; 
they were not confined to the millwright, but extended^ 
under a very limited scale of industryj to almost every 
other trade and profession. The invention of the steaui- 
engincj and the introduction of improvements in the 
manufacture of iron^ led to changes^ and established a new 
era in the industrial resources of the country, and to a 
great extent demolished the prescriptive rights and privi- 
leges of the millwright and other similar trades. 

These disco veriesj and the extended use of iron, opened 
up new fields of enterprise and wealth ; it is, however, but 
fair to the millwright to state that he was amon^t the fiist 
who availed himself of the changes by which be was sur- 
roundedj and from the days of Smeaton up to the present 
time, the millwright has been, to a great extent^ a worker 
in iron- Smeaton employed iron in his construction of 
the Carron Boring Mills, and the late Mr, Kennie took 
advantage of the improvements in progress at the cloae d 
the last century^ and constructed the whole of his wheek 
and shafts of cast iron* Since then, still gi-eater improve- 
ments have been effected, in substituting wrought iron ftc 
shafts instead of cast iron, Waterwhcels, turbines, and 
almost every description of mill-machinery are now made «f 
cast and wrought iron ; and the advance made in this de- 
partment^ by the introduction of light shafts at hi^ 
velocities, is probably as great as in any other branch of 
I \mcal industry^* , 

^B PUCATioN OP Iron to Machinery may be 

^H % and MUiwotk/ ^e. Longmans oud C^, 
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[assed amongst those improvements which have followed 
3 rapidly one upon another for the last half-century. 
?he inventions of Arkwright, Crompton, and others 
ould not have been executed but for the application of 
ron ; and it is fortunate for the resources of the country, 
hat its extended manufacture has kept pace with our in- 
lustrial progress. I am not able to state the amoimt of 
onsumption of iron in machine-making alone, but taking 
hat for cotton-machinery in only one of our largest firms, 
hat of Messrs. Piatt and Co. of Oldham, I should average 
it 400 to 500 tons per week ; and in that of my late brother, 
Sir Peter Fairbaim, of Leeds, in flax and other machines, 
it 250 to 300 tons per week. If we consider the con- 
sumption which is in daily progress amongst the numerous 
machine-makers for the manufacture of the textile fabrics, 
and reflect that from two-thirds to three-fourfchs of the 
value of cotton and flax machinery is labour; we may 
form some estimate of the number of persons employed 
in this important branch of industry, and also of the com- 
parative comforts they enjoy in their social condition and 
the domestic economy of their households. 

In the manufacture of machines for spinning and weav- 
uig, and the manufacture of tools — another ingenious and 
important branch of industry — we may safely conclude 
that we are chiefly indebted for the development of our 
^n resources to these particular trades, arising from 
fte exactitude, beauty, and precision of the automaton 
^i^hines in daily operation before us. Any person in- 
<&ied to study the movements, precision, and certainty of 
'Ustion which pervade the working of the blowing, carding, 
^Jombing, drawing, roving, spinning, and weaving machines, 
^Vist be struck with the beauty of their construction — I 
^as going to observe the intelligence with which they 
perform their respective operations, and that too without 
'distance from the hands of the attendant^ whose duty is 
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simply to supply the material and remove the snccessivi 
deliveries of the finished article as it comes from th* 
machine. During the International Exhibition of 1862, 
there were few of us but observed with delight the movi 
ments of the machinery for spinnings weaving, and finishii 
cloth I the machine for making cards ; the combing ai 
the spool machines, for winding thread on bobbins, ai 
tying the ends to the wooden ring when the exact lenj 
of thread was wound on. All these operations must baT< 
struck both tlie initiated and the uninitiated with wondeTj 
and it is no mean pratse when we state that a considerable 
number of these machines have been invented and per- 
fected in this country. 

In addition to these^ I may refer with some degree of 
pride to our tool-making ; and here I may go back to tl 
city of my adoption, and we shall find Manchester amoi 
the first, if not the very first great centre of mechanical 
progress. Most of the machines I have enumerated have 
had their origin in that town and the suiTounding district, 
and it is not too much to say that our self-acting tooli 
date from the same quarter, and that we are still fruitful 
of re&ourcea for original contrivances and extended m- 
provementB in mechanical science. These are some of 
the results of applied science and the use of iron ; and I 
entertain hopes, when the time arrives for our kinamcn 
on the other side of the Atlantic to return from the arte 
of war to those of peace, that we shall have a new reignj 
of progress, and a still more extended development 
practical science applied to the Industrial resources of tfce 
world:* 

Before closing these remarks, allow me briefly k»di] 
'ir attention to some other changes and improvemeii 
*- taken place, and in which your own townsmafljj 

*'kn wepe ficnned Ijflfore the termiDation of the sti 
1 and Coafedecate Statea ^f Koilli America. 
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Sir William Armstrong, has taken a prominent and an 
active part — namely, the improvements in gunnery, for the 
destruction of iron-plated ships and forts* There cannot 
exist a doubt as to the results of these improvements, and 
the great changes that have been efifected and are still in 
progress, as to the size of the gun and the weight of metal 
that can be projected against either a ship or a fort. It 
was only the other day that I was present at the trial of 
the largest gun ever manufactured in this or perhaps any 
other country. That gun was made at the Elswick 
Works. It weighed 22 tons, and projected, with a charge 
of 70 lbs. of powder, a 600 lb. shot, at an initial velocity 
of 1,260 feet per second. Now a missile of this immense 
weight, and at that high velocity, would smash-in the 
sides of any ship ever yet constructed with a crash 
that would almost send her to the bottom ; and it becomes 
a question with myself and my colleagues of the Iron 
Plate Committee {antagonistic to the ffuns), how we are to 
get over the difficulty. It is clear that plates of eight or 
nine inches thick would not resist such a projectile, and 
we have therefore to consider what other means should 
be adopted to keep so unwelcome a visitor outside of either 
forts or ships ; or whether it would not be better to give 
it a free passage right through, save the expense of the 
armour-plates, and transfer the cost of these constructions 
into steam-power as the means of escape. In my opinion 
the power of attack and retreat are equally valuable in 
maritime warfare; and as speed is an important element in 
ships of war, it is a consideration of some importance to 
determine whether the manoeuvres of the ship or the large 
guns are to claim the victory — both of them essential in 
naval constructions. To manoeuvre with celerity must 
be looked upon as an equivalent for heavy ordnance ; 
and as no vessel can carry iron plates of sufficient thick- 
ness to resist such monster guns, the next best thing to 
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da u to make tliem light and active, with abundance o^ 
^eam-power, to oatm&ncFtiTre tlie enemT. 

It li«s been s siib|ect of dcHibt wbetber guns of siichl 
WUBOi^me cmEbre can be m«de of su^dent strength ta| 
fender tbem m£e^ mad wbetbcr tbejr could be worked on 
slii|i. In npplT to thai qitestioa^ I have to statetl 
L vlmt 1 bftTe witne^^ on tbe trials at Sbo€buTyne8S|| 
ibat K^ '1'^ J be aec%>i]i|%lished« and that important re* j 
mhi wmj be ohtminrd bv the introdnetion of a new build | 
ef ^eai e l li> 8a|»pott and work with safety 600-pouiidef ^ 



Ir ti^Redi^ tlic$e i^uaHcs, I have probably trenched 
vvHir {nlMce, Alknr me, however, in conclusioD, 
ftliiferm TOn thai we l*Te not ret extracted the whole of 
with which this highly-favouied 
There are still left large supplies of 
WA v^ attd mm. aldtough we have no reason to suppose 
Aift thtjr «» ineskui^ible*, On the cocti^ary, we ait 
^i fc lrf br e^rwT jamiplii of dntv to be eeonomical in 
IIm^ msK «M mltr m the ivdiietion oi the ores, but alio 
ilft Ar MMMftMm «f inn and its i^plianee to eonstruc- 
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3F THE PARIS UNIVERSAL EXHIBITION, 1855.* 

:his extensive collection of mechanical constructions, 
Lve endeavoured to classify and bring together such a 
3S of facts in connection with the various forms and 
stations of the objects that have come before me, as I 
t may prove advantageous in extending the industrial 
mits in which this country is so largely engaged. In 
arrangement that was adopted, the Jurors might pro- 
ly be expected to confine their observations to the 
3les specified in their respective classes ; but conceiving 
a more general and comprehensive description of the 
hanical contrivances displayed in this exhibition might 
iseful, I have endeavoured to record them in such 
1 as to show in what we are deficient, and wherein 
jists our superiority over other countries. The Paris 
versal Exhibition differed from all others in the extent 
;s productions, the variety of its objects, and the facili- 
afForded for the disposal of the exhibited articles at a 
market-price ; these conditions were of great value to 
exhibitors, in the immense selection submitted to view, 
this respect it differed from the Great Exhibition of 
1 ; and looking at the numerous specimens of raw ma- 
il and the display of manufactured articles, we at once 

Extracted from Mr. Pairbaim's report, addressed to the Right Hon. 
Stanley of Alderley, President of the Board of Trade. 
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conclude that it was an iramenBe bazaar , from Tvhich might 
be selected eveiy description of manufacture and almost 
every kind of produce. In this Exhibition nothing gur- 
priBcd the observer more forcibly than the beauty and the 
extent of the articles offered for inspection, and the great 
akill by which such vast and varied forms of manufacture 
were produced. In the department of Machinery , it may 
be interesting to trace the development of many ingenious 
contrivances* The self-acting and almost creative power 
of machine toolsj and the facilities with which that braEch 
of manufacture is endowed for the production and re- 
production of other machinesj ia a feature of incalculable 
importance to the national industry. Many of those now 
in constant use had no existence a very few years since i 
but such has been the progress in mechanical science, 
that the finish of work peribrmed by many of these ma- 
chines surpasses the most skilful efforts of the human hand* 
Such, in fact, are the advantages derived from the in- 
troduction of this kind of machinery, that the produce of 
our manufactures is multiplied and extended tenfold^and in 
many cases upwards of a hundredfold. In the procesfi 
of copying, or the reproduction of the same article by 
mechanical means, there were in this exhibition numerous 
contrivances, for which we are indebted to the Americans, 
and their system for the fonnation of objects by dummiei, 
or what may be called the * pantagraph * system, by which 
the form of every part of the object is traced, and by pro-l 
per tools and cutters a facsimile of the article to be copieil 
is pro<lucedi This sy&tem of reproduction is fast comii^| 
into general use, and many examples of its utility wewf 
ishown at the Paris Exhibition* 



8TEAM-ENGmE3 AND STEAM MACHINERY. 

her of Steam-engines in tbe Exhibition n 

of 71 stationary 3 24 marine^ and 17 loco- 1 
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motive. The following countries were represented by 
these as follow : — 



Name of oonntry 


Stationary 
engines 


Locomotive 
engines 


Marine 
engines 


France . 
Great Britain 
Anstria . 
Prussia . 
Bel^um. 
Hanover 
Wurtemburg 
Baden . 
Sweden . 
United States 
Holland 








25 
11 
11 

1 
1 

11 
11 


6 
2 

1 
1 
3 
1 
2 
1 


11 
11 

1 
1 


Tot 


als 




71 


17 


24 



STATIONARY ENGINES. 
The department of Stationary Engines comprised almost 
all the varieties of construction — horizontal, vertical, and 
oblique. The horizontal with one cylinder appears to be 
much in demand, and the vertical with two cylinders (upon 
Woolfs principle), having an expansion from four to five 
times the volume of the small cylinder, has been for the 
last half-century in general use in France, and almost 
equally so in Belgium and most other parts of the Conti- 
nent. They are worked generally at a pressure of 40 lbs. 
to 50 lbs. on the square inch, and the steam is supplied 
from boilers with the fire under two longitudinal tubes or 
generators. These tubes are connected with the boiler 
at both ends, and the heated currents, having made two or 
more circuits of the boiler, make their escape to the chimney 
in the usual way. These boilers are not, in my opinion, 
superior in the economy of fuel to those with internal 
flues, or to the tubular system as constructed in this coun- 
try ; but their power of resistance to internal pressure is 
^eater than in boilers of the English construction. The 
aingle-cylinder horizontal appears to be gaining ground 
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Upon the double-cylinder vertical engine, and doubtless this 
arises from their reduced cost and Bimplicity of construe tiou* 
Their compact form and the limited space which they 
occupy are considerations of some importance, and now 
that metallic pistons are so accurately coostructedj the 
wear-and-tear upon the cjlinder is greatly reduced. The 
condenser in thia construction is placed below the cylinder, 
and the air-])ump is worked by a lever attached to the 
crosshead of the connectitig rod and horizontal slides. 
The air-pumpj like the cylinder, is placed homontallj, 
and various forms and devices are adopted in order ta 
give the required motion to the feed-pump, and other 
organic parts of the engine. As an ex am pi e, the annexed 
engraving will convey a pretty accurate idea of the ar- 
rangement generally adopted in this description of engine, 
and the methods employed for working the air-pump and 
feed-pump. In this construction, fig. 5, a is the cylinder, B 
the condenser, C the air-pump, worked with a solid pis- 
ton, and D the feed-pump. The lever e receives motion 
from the links attached to the crosshead and slide at f; 
and in order to produce a perfectly horizontal motion in the 
connecting rods of the aii'-pnmp and feed-pump, the 
oscillating lever E is suspended by two more links at a^ 
which leave it free to slide up and down at the foot //, and 
thus a horizontal movement is effected in the two pump- 
rods before mentioned* 

The valves in most of those engines are of the usual 
constrnction, worked by an eccentric from the flywbeel 
shaft; but they have the peculiar feature of a variable 
lap working through the spindles of the valves, and 
by a moveable cam, which works in a square fraoie 
at the' end of the spiiidle, any required amount uf 
expansion may be obtained. This appears to be a ytrj 
lous and a simple contrivance, and seems to 
»e purposes of cutting-off the steam at any re- 
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quired point of the stroke. The consumptioii of coal in 
this engine is represented to be 1*36 kilogramnies of cod 
per horse-power per hour, or about 3 lbs. English ; and in 
order to convince the public of the truth of this state- 
mentj the makers publicly oflFer a guarantee that it shall 
mot exceed that amount. The application of the hori- 
zontal in place of the vertical cylinders is an idea nearly a^ 
old as the steam-engine itself; but the difficulties formerly 
were the want of tools and other conveniences for attain- 
ing accuracy of constnictionj in order to render the ^vork- 
ing parta smooth and steam-tight. This is no longer ao 
obstacle, as the perfection of the automaton tools sur- 
motmt^ all those inconveniences ; and hence the coaceptiom 
of former days, which, for want of instruments requisite 
for construction, have remained in statu quo up to the 
present time, arfe at length accomplished. Such are the 
retardations and such the advancements of sciencej one 
generation conceiving schemes and projects which, for 
want of the means, they are unable to execute ; and the 
next, having in process of time realised those means, are 
enabled to perform what their predecessors had tried in 
vain to accomplish. In the realisation of old ideas, there 
is generally a strong desire on the part of the successful 
practitioner to force u|>oii the world his adopted bantling 
as an original conceptions forgetting at the same time what 
he owes to his predecessor who first made the discoveiy* 
No doubt there is great merit in being the first to perfect 
an original invention, but there is no merit in claiming as 
a discovery what was known before ; and this desire for 
originality of conception is as strong, if not stronger, m 
the minds of our French neighbours than among ourselves. 
There is great credit in being the first to render useful 
what was before considered impracticable, and he who 
accomplishes this is certainly entitled to acknowledgment 
In the Paris Exhibition tlie claimants for originality of 



J 
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lesign, and the practical appUcation of schemes previouslj 
knO'v^Ti, were Dumetous ; and although the desire to be- 
come an original inventor may> in some cases, be objection- 
able J it nevertheless has its advantages, in stimulating that 
active race to renewed exertions in furtherance of future 
developments in practical science. 

The horizontal engine, on account of its reduced cost 
and compact form, is likely in small engines to supplant 
the old vertical arrangement ; and assuming the same rate 
of expansion to be employed, and the steam to be cut oft' 
at one-fourth or one-fifth of the stroke, the result, so far as 
regards the economy of fuel, will be the same as that de- 
rived from the double cylinder. In this country these 
improvements^ although well known, are not carried to 
the same extent as in France ; and although the same 
kind of engine is in operations we have made slower pro- 
gress, excepting in the horizontal non-condensing engines, 
which In Lancashire have got the name of Thrutchers^ 
and are now extensively used as an auxiliary power to 
the condensing engine in most of the manufacturing dis- 
tricts. There is, however, still wanting a well-digested 
arrangement of the horizontal condensing engine, compact 
in form, and correctly adapted to the work it has to per- 
form ; the Paris Exhibition presented in this respect 
eroua examples for out guidance. 



jmme 



LOCOMOTIVE EXGDTES. 



The locomotive engine had its origin in this country, 

and those of English construction still retain their supe- 
riority over all others, both in design and construction. 

It would, however, be unjust not to accord great merit 
to the many excellent specimens contributed to the Park 
Exhibition by Continental manufacturers. Nearly all of 
them were somewhat complex in arrangement and design. 
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but evince great care and attention to solidity of coo- 
Btniction. Many of the engines were upon the system of 
Cramptonj witli the valve-motions outside^ which gives to 
the engine an appearance of complication that does nol; 
occur in those of English construction. In other respecti 
the engines are nearly the same as our own, with the link- 
motions and other indispensable attachments. 

There was, however* one engine to which I would refer 
— * The Eugenie,' Fig. 6, built on Mr. M^ConneU's prin- 
ciple of the large firebox and short tubes. This and another 
from Messrs. Stephenson & Co., of Newcafitle-on-Tjme, 
were the only English locomotives exhibited ; and, cou- 
sidering the large number brought forward by our Con- 
tinental competitorSj the English constructions were very 
imperfectly represented. Mr. M^Connell's engine is on 
tlie same principle as the large goods and express enpnes 
now working on the London and North -Western BailiPBy- 
They have several valuable properties, which it may h 
useful to enumerate in connection vpith the experimental 
trial made with the ^ Eugenie ' on the London and Nortb- 
Westem Railway, the results of which are as follow;— 

Bbhults obtained DtmiNG TimEM Weeks' EuNSfDio on the London i^ 

NoBTa-WEflTBKK EaILWAY, ON A. COtTBgS OP 83 MrLES WITH ESPE^^^' 



Benmrkfl 


NoaTri^ 


Ifo.9TiiB] 


— — 1 


Niimbei' of cftmages 
Total weight ..... 
Coke burnt, per mile , 
Speed ppr hour ♦ 
Eatio o£ evaporfttion of water to 
coke ...... 


15 

75 tone 

19 ItH. 

40milefi 
B-9 : 1 


X2 

60 tonfl 
15 lbs, 
45 miXeg 

87fi : 1 


9 
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The pTinGipal dimensions and particitlars of iMb engmej 
are as foUow: — 



Diameter of (7linder . 15 in. 


Diameter of boiler 


4 f«et 


StToke of piston , . 22 in. 


Length of barrel of do. , 


10 ft- fl iiL 


Diameter of driring- wheel 7 (L 


Length of fireboi * 


aitd^k 


Heating amface, fijeboi. 


Nnmber of tnbes . 


414 


&c \ . . . 159 flq. ft. 


Length of tubes . 


6 feet 


Tabes . . , . 731 »q. ft. 


QntBide diameter of tubea 


l^iiL 


Weight of eiigineipUi t^^ Ig^^ 
working condition / ^<» ^ wu 







Id these experiments the engine ran witb perfect steadi- 
ness in all its parts, and made a journey of 65 mileB 
mthout stopping for water. 

This engine burns coal of the worst quality almost en- 
tirely without smoke y and with great economy * the gene- 
ration of steara is most powerful aud regular, both at high 
and low speeds^ The arrangement of the furnace and 
large mixing-chamber effects the combi^nation of the 
gases J eo that there is little or no smoke, aud permita the 
use of a much larger number of smaller tubes, which 
afford a tube-surface of the same extent as in the ordinarj 
arrangement, but of mucli greater efficacy. The cun-e 
or recess employed in the cylindrical part of the boiler, 
shown at a fig. 6, is of great advantagCj as it forms a 
metallic bridge between tlie firebox and mixing-chamber, 
where the gases combine, and where it is easy to admit 
hot or cold air^ in sufficient quantity to complete the 
combustion J as the heated gases ai"e disengaged from the 
fueb This hollow curve adds also to the steadiness of 
the engine as the whole mass of the engine is brought 
nearer the rails, thereby lowering the centre of gravity* 
and producing about the same advantages as that obtained 
by the use of outside cylinders, 

It would be in\^dious to draw inferences, or to make 
compax-isons on the construction of machines that are so i 
similar in character aud aboaost identical in prin- 
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ciple. The locomotive engine is the same in all countries, 
and, however varied in form or construction, it invariably 
consists essentially of the blast-pipe, tubular boiler, and 
outside or inside cylinders. 

Some slight additions and improvements have been ef- 
fected in the different motions and organic parts of the en- 
gine, but they all resolve themselves into enlarged heating 
surfaces in the boilers, and the employment of the exhaust 
tube ; which is, in fact, the bellows that blows the fire, and 
maintains the supply of steam under every circumstance 
and velocity at which the engine may travel. In con- 
structions of this kind the following conditions must be 
observed — namely, the proportions of the furnace, tubular 
surface, and the blast-pipe ; and these once accomplished, 
the mere form of construction becomes a consideration of 
less importance. 

Doubtless much haa been done in proportioning the 
working parts — such as the wheels and axles, motions, 
connecting-rods, &c. — to the work they have to perform ; 
and nothing more is apparently left to be accomplished, 
unless it be to increase the pressure, and by an extended 
expansion to effect greater economy in the consumption of 
fuel. The foreign engines exhibited in the annexe were 
substantially made, and some of them too much so ; as a 
considerable amount of weight and expense might have 
been saved in the reduction of the material where it is 
not wanted, and where it does not add to the strength of 
the engine. In the foreign engines there appeared to be 
a want of accurate proportion in the distribution ot the 
material, and of simplicity in the movements ; and having 
had some experience in the construction and proportion of 
the parts, I am probably the better able to judge of their 
comparative merits. Under all the circumstances, I am, 
however, of opinion that the locomotive engines of Great 
Britain are superior to most others : and although they 
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may not have tte Bame amomit of poUshj there is, never- 
thelefia, a simplicity of form and a soundness of wcwk-j 
manship which give character and stabihtj to these in 
portant constnictions. 



MARINE ENGINES. 

In thk department there Tvas HttJe to recommend^ 33 
the contributions were very scanty, and will not bear i 
comparison with those that were exhibited at the Great 
Exhibition of 185 L 

With the exception of a pair of neat engines from the 
Mortala Works in Sweden, two pairs from Cail & Co,, 
and a small pair from Tod and McGregor, of Glasgow, I 
constrncted for the screw-propeller, there was nothing ex- 
cepting some small models that deserve the name of 1 
marine constructions* The rest were not of the best or 
simplest forms, and cannot, therefore, be considered of 
much value, either as regards design or construction. 

It is to be regretted that, owing to the exigencies of 
the war, and the great demand for marine engines, the 
English makers were unable to forward any for exhibi- 
tion. In 1851 the Crystal Palace was supplied with 
some splendid specimens of marine construction, and we 
have only to enumerate the names of Boulton and ^V^att, 
Penn, Napier, Maudslay and Field, and others, to call tn 
mind the superior designs and construction for which the 
British engineer is so justly famed. 

It will be fresh in the recollection of all those conver- 
sant with the steam-engine, that considerable advances 
have been made of late years in the use of steam worked 
expansively and at high-prcsaure. This has been strik- 
ingly exemplified in every description of engine, and ifcia 
evident that, both in land and marine constructions, the 
^ use steam of greatly increased pressinre' 
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That increased pressure, when accompanied by a more 
extended expansion, is invaluable as an element of economy 
in the consumption of coal; and under certain conditions 
the greater the length of stroke through which the steam 
is worked expansively, the greater the benefits to be de- 
rived from its application. I have no doubt that the ex- 
periments of Kegnault on steam, and those of Joule on 
heat, will ultimately lead to a new and more extended 
application of this principle. 

All that is wanted in this new application, will be the 
construction of boilers of suflScient tenacity to resist from 
four to six times the pressure at which it may be prudent 
to work the steam ; and with these precautions, I see no 
reason why we might not reduce the weight of our engines, 
and increase the pressure of our steam up to 100 lbs. or 
150 lbs. on the square inch.* 



HYDRAULIC ENGINES AND MACHINES. 

The turbine appears to have almost entirely supplanted 
the waterwheel in the estimation of the French engineers 
and manufacturers ; and the millwrights, availing them- 
selves of the benefits conferred by the Universal Exhibi- 
tion, have contributed a great variety of articles of this 
kind. In many parts of France, Switzerland, and Ger- 
many, particularly in the mountainous districts, where fuel 
is expensive, the turbine is of great value ; and in many 
parts of the country, where water and high falls abound, 
it is a more convenient and less expensive machine than 
the waterwheel. On the subject of turbines and their 
comparative economy, there exists, however, considerable 
difference of opinion ; the advocates for the turbine con- 
tending that it is as effective as the waterwheel, and 

* Since the above was written, this has been accomplished. 
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arability of construction, and economy of action, it still 
stains its claim to importance. It has received many 
iprovements — first from the experiments of Smeaton, the 
mstructions of Kennie and Hewes, and, still more re- 
sutly, from myself. The experiments of Smeaton first 
itermined its relative powers when employed on high 
id low falls ; the late Mr. Rennie improved its con- 
ruction, and the mode of applying the water ; and Mr. 
. C. Hewes, of Manchester, was the first to apply and 
irfect.the flexible malleable iron radius rods to the 
LTouds or periphery in place of arms. 

All these inventions, including my own, for ventilating 
e buckets and working-wheels to great depths in back- 
ater, have contributed to make the waterwheel one of 
e most economical and perfect machines extant. 

The researches of Poncelet showed the best form and 
Lrvature for the buckets ; and it would be ungracious to 
my that the turbine itself would never have existed,in its 
esent state of perfection, but for the sound principles 
•st promulgated by that distinguished philosopher, in 
3 lectures on Hydraulics and Hydrostatics. Altogether, 
ese machines were well represented in the Exhibition ; 
d although they are comparatively useless in Great 
ntain, where the steam-engine is so extensively em- 
3yed, yet on the continents of Europe and America, 
lere water is plentiful, they are of great and paramount 
portance, as a motive power in the progress of the in- 
strial arts. 



MACHINERY FOR THE MANUFACTURE OF COTTON, SILK, 
FLAX, AND WOOL. 

It would ill become me to attempt any description of 
ichines used in the manufacture of the textile fabrics, 
len it is known that the much abler pen of Professor 
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W3b> of C^ambriige^ Ine ojidertakeo that doty : suffice 
it to obi^Te^ tJiat m tlie French, Belgian, and ZoUverein 
departmenls of lUs de^riptioo of machinery^ geveral 
exc^Uenl Bfttamam were to he found. Some of them 
were kigUr fimiblied; and the new comhing-machiie, 
made hy M^st^ Schlumberger & Co., appeared cm- 
spicuooa in the Paris UmTersal Exhibition for its inga-j 
DmtTt aod the effieieney of its operations. This ma 
has heeu greatly improved hy Messrs. Hethertngton i 
others, since its first introduction into Manchester snjj 
Bradford; and in the preparation of cotton for fine ja 
it is one of the most valuable machines that has come hM 
use for many year^ In the combing of fiax and wool Hj 
is becoming equally important^ and its application to i 
manufacture of the long wool, alpaca^ and mohair fftbri 
of Bradiiird, has at once established its superioritj oyer J 
the system of carding, and combing by the old proca 
The contribntion of machinery from the handa of m 
establishments as Piatt Brothers & Co., and other Engli 
firms* are sure to be of unrivalled excellence. Seve 
improved machines of the best construction, for the manffll 
facture of cotton, were to be seen in the space occup 
by the English. Messrs. Piatt Brothers & Co. contributi 
a complete system of cotton-niaclunery ; and Messrs* Ek 
& Co. J of Manchester, did the same, with the except 
of the blowing and spreading machines, which were 
sent, Mr. Mason, of Rochdale, also contributed seve 
exceedingly well-made machines. 

The machinery for the manufacture of flax and silk i 
however, very imperfectly represented in the Es 
department, and, with the exception of the samples ( 
there was nothing to point out the superiority of mac 
those branches of industry. This is much to 

as for many years past we have taken the h 
ad the silk manufacture, and large quantiti 
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acHnerj, for both^ have for the last fifteen years been 
irted to France and many other kingdoms of Europe. 
lir Peter Fairbairnj of Leedsj a large constrnctor of 
machinery, is not^ible as having effected the greatest 
iaprovements, by his contributions^ towards the perfecting 
of these machines; in fact, his machinery is to the flax- 
ufacturer what Mr. Whitworth's machine -took are 
workshops. The reason assigned by him for not 
ibiting, was the enormous expense of showing his 
extended series of machines to advantage, 

FLOTJRMILLS. 

years ago the flonrmills of France and most 
ir parts of the Continent were of rude constructionj and 
ibited few traces of improvement from the constructions 
ihe previous century. The corn-mills in England^ 
^tlandj and Ireland had also been nearly stationary up 
to the same period of timej with the exception probably 
q( some changes and improvements effected by Smeaton 
and the late Mr. Kennie. At the close of the last or 
about the commencement of the present century, the 
Americans and ourselves introduced the system of creepers 
and elevators, by which a considerable amount of labour 
was saved, and the operations of grinding, &c.j rendered 
more complete. From time immemorial it has been the 
custom to drive the millstones from a large spur-wheel in 
the middle of the mill into which the stone spindles geared, 
round which they were placed* This arrangement 
the grinding process Is still in operation in France 
many parts of this country, and several exhibitors 
WB given examples of some of their best mills constructed 
this principle. Like those of this country, nearly all 
continuous in the processes of cleaning the grain, 
iding, and dressing the flour. 
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In France the millstones are generally driven by straps 
or belts, wliilst those in England are almost invariably 
driven by gearing. It I5 upwards of forty 7/ears since 
Messrs, Fairbairn and Lillie, of Manchester, and some 
others in Yorkshire, first introduced the new system of 
placing the stones in a line, and driving them by bevel gear 
along one side of the mill ; by this arrangement consider* 
ably increased space, for the convenience of stowage and 
other purposes required in the manufacture, was affbrdei 
On this plan some of the best mills are now constructed; 
and although they differ from the French method of driving 
the millstones by straps, they nevertheless work with Im 
power, are in many other respects preferablcj and they do 
not crowd the room with belts in positions crossing the 
mill ft in almost every direction. It has been asserted that 
the straps are less expensive, and give a smoother motion; 
but of this there is much doubt, as the gearing, when pro- 
perly constructed^ is found to work perfectly smooth, and 
is less troublesome than straps. 

The old method of feeding the stones was by a slide or 
spout at the bottom of the hoppers* This was a little in- 
clined, and acted upon by what is technically caUed a 
* damsel,' or, in other words, by a small spindle fixed upon 
the centre of the running stone, which passing upwards m 
the direction of the hopper, acted upon the slide by threfi 
projections or tappets, and gave it a noisy shaking motion,* 
This motiouj and the rate of inclination at which the slide 
is fixed, gave the supply or required feed of grain to the 
stones. 

About the same time, or shortly after the introduction of 



* The damael was aulfstitut^d for the ' clapper/ iphieh in andeflt tia» 
consiste^i of a piece of wood fiugpended by a twisted rope from the upper fai*^ 
over the millstunea, Thua placed, at every revolution it received a blow ^ 
& tappet, fixed into tliB back of the stonej and tliue produced a fibtalflJ? 
motion on the shoe for feodiiig tha stones. 
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Sectional Elevation. 

THE OEWmiKG KW^MXIVS. 

* plan of placing the stones in line, Messrs. Fairbaim in- 
duced their new feeder^ shown at K, fig, 8. The drawings, 
. 7 and 8, exhibit an elevation and section of a pair of 

fllfitones, showing the complete arrangement of the 

[inding apparatus, &c. 
In this arrangement the stones are fed from the hopper e 
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bj the tube a» about two iiidiea in diameter^ wtiich tm- 
Tcys the grain into the cnp k. This tube is suspended 
on the end of the lerer Pj and is fixed within a quarter 
of an inch &iDEn the bottom of the cup. As the upper 
milMone revolves, the cup goes round with it; and the tube 
being stationarr^ the grain escapes by centrifugal action, 
and is scattered in a thin etream from below over the 
edge of the cup, forming a beautiful series of oblique 
^ngential currents as it passes into the eye of the stone. 

This has been c^Ied the ^silent feeder,' owing to thetotil 
absence of noise ; the quantity of feed being regulated h 
raisrng and lowering the tube by the hand-wheel Q and 
lever p* The lower part of figures 7 and 8 represent th^ 
horizontal shaft F, and the mode of driving the ston^j u 
also the screw N, that regulates the space between the 
millstones by the lever M, on which the spindle and tie 
running millstones are supported,* 

The contributions to the corn-mill department of ti^ 
Paris Exhibition were numerous and interesting, and lit 
contributors showed no small degree of skill in the nu- 
merous forms and devices by which they respectively re- 
CM>mmended their machinery to public notice, 

A flourmill by Burdon, of five pairs of stones^ and 
driven by a turbine ^ on the principle of Poncelet, deBcrrefi 
especial notice^ from the novelty of its design, and the 
facility with which the stones can be stopped and started 
The turbine with its cistern is placed below in the centre 
of the stones, five in number, and the main-shaft 
spindle penetrates the first floor, and from thence ascendi 
to the top of tlie mill, and in its passage gives motion to 
the different machines for dressing, cleansing^ and elevat- 
ing ; it is, however, doubtful whether the novelty of this 
arrangement does not consist more in the ingenuity of the 
contrivance than in its utility* 

* For tL mor^ eompletC' deamption of this procesa, vidft MiUs and J^ 
10^^, Purt IL, aeegnd edition, page 148 ^ d ^eg. 
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BPECTAL MACHINEEY AlfD APPAEATUS FOE WORXSHOPa 

The articles submitted to the adjiidicatioti of the juroi"^ 
of Class VI. comprise a collection of such varied forms 
and character as to render any enumeration of them ex- 
ti'emely difficult, and the distances by wliich they were 
separated from each other made it still more troublesome 
to arrive at a just and correct decision* The almost in- 
numerable articles comprised in the class caused a division 
of the labours of the jury into sectionsj as follow : — 

1. The separate pieces of machinery and apparatus for 
Tvorkshops, 

2. Metallurgic machines. 

3» Machines used in the preparation of timber. 
4- Machiuce used in mining operations. 

5. Machines used in agriculture and the preparation of 
elementaiy substances, including machines used in non- 
roetallic minerals, 

6. Machines used in the chemical arts and thoie in 
connection with dyeing and printing. 

Machines used in the manufacture of metal. 



i 



— The separate pieces of Machinery and Apparatus for 
Worhshops, 

This section contained all descriptions of tools, screwing 
apparatus, copying and embossing presses, and impler- 
ments of steel, iron, brass, copper, &c. In this section 
were assembled an immense variety of machines, which, 
from their magnitudes cost, and extensive developments, 
required the most careful attention. 

The tools of Whitworth and others, and the machines 
for embossing, screwing^ &c-, were minutely inspected, 
and the opinions of the different members of the jury 
about them were given^ with great judgment^ on the spot. 

L 
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Some idea of the extent of tliis collection in ay be formed 
when I state that not less than 400 articles were guhmit- 
ted to adjudication, some of them of great value j of ex- 
quisite workmanships and comprising some highlj sidlfui 
appliances admirably adapted for the purposes they were 
intended to sierve, lu Mr* Whitwortli'a collection^ 
lathes, and slotting machines of gigantic dimensions wert 
to be found !^ gome of them weighing from 10 to 12 
and a large lathe for turning wheels, with four rests cut-1 
ting on both sides, with almost mathematical precis^ioiLj 
These and others of smaller dimensions were neatly ] 
portioned and admirably executed by the macliincj anl] 
that without the aid of the human hand^ beyond puttmgj 
the parts together. Nearly^ if not the whole of Whit-] 
worth*^ machiuea are executed in this manner ; his screw- ^ 
outtiug machines, gauge^^ and other works are so weUj 
knoT\m as to require no description, and it is merely neces^i 
sary to point out their presence at the Exhibition* 

Next to Whitworth^s tools and machines for turn 
and cntting metals must rank those of Graffenstaden,i 
the vicinity of Strasburg, for cutting and turning wooil 
These machines arc beautifully and substantially made£ 
they are mounted on cast-iron frames, and for ingentiit] 
of design and perfection in execution they are not infericn 
to any other description of machinery in the ExhibitioiiJ 
Their mortising, boring and turning machines are 
mirably constructed, and the whole series appear to havd 
been finisiied with the utmost care in order to meel 
the various requirements of every description of carpentrjJ 
cabinet making, &c. 

Others, from America and other places, some of 1 
^at ingenuity, were also exhibited, but none of 1 
^m > those of Gratfenstaden for solidity of constructi 

^M f>ny in the proportion of the parts* To the! 

^H ^hanics and engineers we are indebted ibfl 



if^^^jfjji 
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ingenious and useful contrivances in this department of 
industry. Their pantagraph or dummy machines are ad- 
mirably contrived J and no nations have applied more skill 
in the application of machinery to the cutting, carving, 
and shaping of timber than those of Canada and the 
United States. Their system of colonisation and the 
clearing of forests have given thera facUities, and suggested 
inventions for saving labour, that could only be attained 
in a countiy where labour was scarce, and timber was the 
chief material for construction. 



II,- — MetaUurgic Machines. 



^B This section embraces a large field of operations^ such 
as the forging and rolling of steel, iron^ and copper. The 
machinery for blowing, smelting and the reduction of 
other metallic substances were present, and all the instru- 
ments and machinery used in the conversion of the metals 
from their crude state into the manufactured article were 
exhibited. Notwithstanding the great extent of the sub- 
ject, and the number of machines classified under this 
head, the jury had not so much to do in tliis as in some 
other departments, as many of the machines, auch as 
rolling mills, steam hammers, &c.^ were of great magnitude. 
Most of these were found exceedingly interesting^ and 
evinced considerable skill in their adaptation to the at- 
tainment of tlie objects for which they were intended by 
the exhibitors. The jury in this, as in other cases^ exei^ 
cised a soimd discretion in the awards. 

From the variety of tilt and steam hammers exhibited, 
it would appear that the construction of those engiries ha*? 
been much cultivated in France ; and notwithstanding the 
improvements and ingenious contrivances introduced by 
its inventor, Mr. Nasmythj the French appear to have 
kept pace with ua in the use and application of this im- 

I.S 
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portant machme. Lately^ Mr. Nasmjth introduced an 
invention by IVIr- Wilson of the Low Moor Iron Works, 
a new, exceedingly ingenious, and, I believe, a very simple 
contrivance for working the hammer. By this application, j 
any length of stroke, or force of blow, can be given by the [ 
operation of a single lever, and through this improveraent I 
the machine has attained a rapidity of action and a change J 
of motion suitable to the powers of the engine^ and the fonn j 
or consistency of the articles under the hammer.* Tbm 
improvements have not as yet been introduced into Fraucei 
but the employment of so many large and small hammers, 
most of them well made, evinces a rate of progress iB the I 
operations of the forge as great, if not greater, than eutae I 
of our best performances in this country. In the con- 
struction of vertical * tups ' or friction hammers, our j 
continental neighboura have made much less progress, 
but tliey have exhibited clever contrivances in tilts, some I 
driven by steam, and others by tappets through the inte^ 
vention of gearing, and acting in the usual manner on the 
tail or hilt of the hammer. 

Several French machines for the manufacture of nails I 
were exhibited, but none of them indicated either novelty j 
of conception or superiority of workmanship; on thai 
contrary, I considered them inferior to the machines ufled] 
for similar purposes at Birmingham and Wolverhampton. 

In the machinery for sHtting and rolhng iron, there 
appears to be nothing new excepting some beautifid!? 
constnicted steel roUs, manufactured by Krupp, and others 
of the iron manufacturers of France. 

All the other machines of this class, such as wire! 
drawing and cutting machines, were of the ordinary con- ] 
fttruction, with the exception of the American plate cut- 
achine. 



p«irtieirn*8 Iron Manafaefnre, 2iid edit., p. 133 el eaj. 
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This machine consiste of a strong cast-iron frame from 
nine to ten feet wide, having a steel plate along its outer 
edge on which the plate to be cut is fixed, and is held 
fast by a faller that rests upon the upper side of the 
plate. On the upper side of the frame a revohdng steel 
cutter traverses its whole length, and in its passage cuts 
the plate in a perfectly straight line corresponding with 
the edge of the steel plate below. The circular cutter is 
an old inyentionj but its travelling motion is certainly 
new, and is effected by various ingenious contrivances. 
The travelling cutter, which requires considerable power 
when cutting thick plates, is driven by a pulley at the 
^nd of the machine. 



III. — Machines used in the Preparation of Timber. 

Thia section embraces every description of saw mill, 
planing, morticing, and tenoning machines, and all the 
tools, implements, &c„ used in the preparation of wooden 
constructions. In this section were found a great num- 
ber of interesting and instructive devices and adaptations, 
many of them of American origin, but greatly improved 
Stnee their first introduction into European workshops. 
The treatment of timber, and the mode of seasoning, is a 
subject not clearly understood ; mnch has yet to be learned: 
and the jury, fully aw^are of the difficulties which surround 
the question, entered into a careful inquiry as to the best 
methods now in use ^ and the most effective processes adopted 
in different countries for seasoning and rendering timber as 
strong and durable as possible under the varied conditions 
of quality and growth, and also the objects to which it can 
be apphed. The jury appeared perfectly alive to the con- 
sideration that different qualities of wood required different 
treatment in seasoning, or such treatment as would con- 
solidate their fibrous structure, strengthen their powers of 
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resistance to etraiB, and render them impervious to moii- 
ttire and those atmospheric changes which so frequently 
affect the dnrability of structures composed of wooi 

Of this machinery there were some excellent specimens 
in the shape of eaws, cutterSj planers, morticersj and 
grooversj which received careful attention in order to 
guide the jury in the award of tlie prizes and other mark i 
of distinction to which the exhibitors were so justly en- 1 
titled. 

The most striking objects in this department were tk 
saw mills, and those of Mr. Norman, of Havre, stood pre- 
enunent for the ingenuity and skill with which they were 
executed. His vertical saw for cutting timber of any 
required form for ship-biiilding was admirahly contrived, 
the movable frame on which the timber was fixed ex* 
hibited a variety of motions for giving any degree of 
obliqiiity to the cut, and thus, for ship-building purposes, 
the reqnb^ed twist or form necessary to be observed in the 
bows or stern of the vessel was easily attained without 
interruption to the cutting process by stopping the >i 
Another vertical saw driven by steam power, in iniitatkiu 
of the hand-frame saWj aud most ingeniously contrived, 
was also exhibited ; its operations were very complete, 
and it formed one of a series of machines of great value 
in accomplishing the more intricate operations of cut- 
ting timber into shape. The steam saw frame of M. L. 
Sciiwartztrop, of Berlin^ was also an exceedingly well 
executed machine. The steam cylinder is mounted ou the 
top of a cast-iron frame^ and the piston gives motion direct 
to the saw-* In this machine everything requisite to 
make it substantial was accomplished, and the traverse 
motions were well made and ingeniously contrived. 

deacriprion fjf suw h an aclnptation of one patented fay Mr, Lting. 
a* near Pitialry, and Ims be*u in utie in thia comitry for mflflj" 
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Tlie greatest novelty among the wbole group, however^ 
was the helt or endless saw for cutting ftcrolb, squares, 
and circles of every possible curve, Thia inBtrument waa 
so admirably contrived^ that from its rapidity of motion, 
flexibility and continuity, it Eccomplished in cutting almost 
every description of form, and its vagaries (if I may use 
the expression J were so eccentric as to require a steady hand 
t^ guide and a steady eye to trace its operations in the lines 
of the cut, and some of these were so fine and so curiously 
curved aa to puzzle thcconeeptionof the casual, and some- 
times even that of the practised obscrverp The machine 
itself consists of a thin flexible ribbon of steel, almost three- 
quarters of an inch wide, and about the thickness of the 
blade of a lance^ or a thin visiting card* The extreme ends 
of this ribbon, about 18 or 20 feet long, are run through 
two narrow slits of a table, and having passed over pulleys 
fixed at the top and bottom of the frame, it is brought 
into a state of tension by screws, and thus rendered work- 
able by the application of steam or any other motive power 
attached to the axle of the bottom pulley. The table on 
which is fixed the article to be cut has a sort of ball and 
socket motion, which enables the operator to cut at angles 
from tlie vertical to any degree of obH<]uity which the 
nature of the work requires. Tliis simple yet ingenious 
machine bas been purchased by Colonel TuUoch for the 
carriage department of the Koyal Arsenal at Woolw^ich, 
and its applicability to the purposes of preparing timber 
of intricate forms will, I make no doubt^ prove equally 
beneficial in this as it is in ornamental cabinet Avork.* 

The next raaehinej altliough not new, is nevertheless of 
some importance for cutting veneers ; this is effected on 
the principle of the commcjii hand plane- It consists of a 
strong cast-iron frame, on which slides another frame, to 

* Since this whm wnttm, the Kibl^on Saw hae become generally useful in 
this and other cautitriefl of Europe, 
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which the cutter is attached. This cutter is so constructed 
as to plane or cut o£P the veneer at an angle of about 20^ 
In fig. 9, A is the timber and B the frame which contains 
the cutter. This frame moves in the direction of the 
arrow, shaving the timber in its passage to the required 
thickness of the veneer. The cutter or plane-irm is 
placed at a certain angle with the horizon, in order to 

Fio. 9. 




cut clean and deliver the veneer through the opening or 
slit a « in a perfectly sound and unbroken state. To 
prevent injury to the fibres of the veneer by tearing, and 
to deliver it free from cracks and flaws, it is not only 
necessary to keep the cutter perfectly sharp, but to steam 
the block, in order to prevent the veneer from tearing 
during the process of cutting, as it would in a dry state* 
Machines almost identical have been at use in Man* 
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ester and other places for jears^ in cutting the sides and 
ttoms of bat and pill boxeSi Some of these niachineB 
11 cut slices or shear shavings the whole length and 
dth o£ the block, from the finest ribbon to one-tenth 
one- eighth of an inch in thickness. 
In the American department the model of a machine 
s exhibited for bending timbers for ships' knees^ and 
ery deBcription of curved work emploj^ed in cabinet- 
ildngjj joinery, &c. This machine^ according to the 
^'entor, Mr. Blanshard, has been used succcssfnlly in 
iw Yorkj and the consideration has been^ how far it is 
plicable to other purposes besides those of ship-buikling 
i cabinet-making* Judging from the model and the 
l^ized specimens of ships' bows and stern-posts ex hi- 
ed, the machine must be one of great sti-ength, and 
liough the piece of oak, ash^ or other description of 
iher to be bent must first be steamed, it is clear that a 
See of solid oak twelve inches square cannot be curved to 
'adjus of four or five feet without the application of an 
ttrument of great power. The apparatus having such 
>rk to perform consists of an exceedingly strong frame, 
wlucli the timber to be bent is fixed. One end is 
'ced against a stop by a screw or a wedge at the op* 
site end, and the back or convex side of the timber 
ing covered by a flexible iron plate fixed at one end to 
e stop, the plate as well as the timber is then dra^vn 
und by a capstan and chain at the opposite end of the 
'Sired curve J which varies in force according to the shape 
' tlie block round which it is bent» From this description 
will be seen, that the fibres of the timber on the convex 
de cannot be torn asunder, so long as the plate is not 
ongated, and the plate on the back being pressed with 
ceat force against the whole surface, efPectually prevents 
le starting of the fibres during the operation of bending, 
he result of this process is to secure the convex side 
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from fracture, and a crusliing or sliding of the fibre* 
into each other takes place on tlic concave side, wbich 
latter process is evident from tbe appearance of the crualied 
fibres, and the new condition and form it is forced to 
assume. It will be observed that the forces employed art 
chiefly those of compression, and that the fibres are not 
seriously injured by tendon- In order that the timber 
]nay retain its form, it is not removed fVoni the frame 
until it is quite cold and has taken a permanent set 

The machine appeared to be one of great importance 
when applied to the preparation of timber for Bhip^building 
and other descriptions of curved work extensively uied 
in furniture and other works of utility and ornament. Tltf 
inventor, Mr, Thomas Blansbard^ of New York, has, I 
believe, applied the machine with great success to tlifl 
bending of timber for plough handles, wheel felloes^ aiwl 
other purposes of utility. 

IV. — Machinert/ used in Minhig Operatiom. 

In this section were comprised every description rf 
engine tools, lifts, and parachutes used in miningf nnd 
especially those affording greater security to thi^ lainiJf) 
and for increasing the facilities and meajis of undergrDUnd 
working, including those for subterranean transit i 
the raising of the mineral products at a cheap rate to th 
surface. 

There are few subjects of greater importance to tb^ 
community than that of the machinery for mines. So 
many of the comforts and enjoyments of civilised life 
depend upon the labours of the miner, that every disciiverj 
and every invention which tends to his advancement aiiJ 
aecurity under the perils and hardsliips of his laboiioiJ* 
must always be acceptable and justly entitled to tt 
L At the Paris Universal Exhibition, the macliiiic«7 
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of mines and other devices for assisting in raining oper- 
ations were both numerous and instructive^ and conceiv- 
tug that a brief description of some of them may be useful, 
I shall endeavonr to descnbe in detail a few of those 
^hich exhibited tlie greatest excellence and greatest in- 
genuity. 

It will not be necessary to notice the larger machines 
^nd engines J such as those for pumping and winding ; 
"they are already so well known as not to require de- 

icription here, 
|l. Parachutes. — ^An apparatus for preventing accidents 
i coal pits* The ancient method of raising coal from the 
bottom of the pit to the surface was by a basket, sus- 
pended to the end of a rope wound round the barrel of a 
^ndlasSj worked by hand or by the horizontal horse gin. 
Since the introduction of the steam engine these primitive 
meikods have given way to a better system, one of which 
is, by using one or more buckets or ^corves,' as they are 
called in the norths attached to each end of the rojjes or 
cbfiitiSj so that those at one end are descending whilst 
, those at the other are ascending the pit< It not unfre- 
qiient]y happens that the ropes or chains which are used 
I break, and the baskets or corves are i^recipitatcd to the 
bottorDj and should any of the workmen be ascending or 
descending at the time^ the result is attended with a 
8ftnou3 loss of life. The present method of raising coal is 
* peat improvement upon the okl phm ; it consists of 
^our lines of iron rods^ or^ more frequently, wooden 
guides, which extend from the top to the bottom of the 
^i3ie. Between these guides slides a wooden frame with 
^0 or more shelves, on which are placed boxes containing 
frfim eight to ten hundred weight of coab These boxes 
^e constructed to run on tram w ays through the workings, 
^^ere they are loaded and sent forward, either by horse 
^^ manual labour, to the bottom of the shafts, and are 

L J 
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then at f^ice ran oo to tlie ghelves of the silidiiig frEOie 
fttreadr described ; in thk pndtion they are raised by tlie 
oleiai cogioe to the top. Tber are then receiTed by & 
movable frame, with a correBponding tramway, whicii 
tildes oTer the sioiith of the pit. and from this again thej 
are run forward to the screens where they discharge their 
contents. It h evident that in our unproved workinj^'s, 
great facilities are afforded for the raisingof large quantitj^ 
of coal in a ihort period of time ; and in order to show with 
what d^patcfa these operations are effected, I may reft;r 
to the colliery of Mr. Astley, at Dukinlieki, near ^lan- 
cheater, probably one of the deepest mines in this conn try, 
where the coal is raised in four boxes, Ciich weighing eight 
hundred weights upon one rope, from a depth of up wank 
of 2,000 feet, at the rate of 20 miles per hour. 

To prevent accidents in mines of this description, para- 
chutes were invented ; they generally consist of two strong 
iron hlades, which in their Tsrorking state remain at a short 
distance from the vertical slides. They are attached to 
the top of the cage, and in the event of the rope breaking, 
these blades by tlie falling weight and the assbtance of 
a spring press forcibly against the slides, and thus by 
friction atop the cradle and prevent its falling to the 
bottom. 

One of the parachutes made by M* Fontainej of Auzint 
had* it is said, saved the lives of thirty -seven persons, and in 
no instance has it ever been known to fail. In England, ia 
well as on the continent, this description of apparatus is 
in general use^ particularly in deep mines, 

2. Apparatus for rahhiff Coal ajid the JVorhmen from 

the hot torn of the Mine % ihe Ptwtp Eods. — -This is not* 

new contrivance, as I believe it was first used in Con- 

wtilK where the workmen to this day, in many of the 

id tin mines, continue to make tlteir ascent siod 

Mel's, M. Warocque of Belgium, howerert 
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exbibited a beautifully constrticted working model of an 
apparatus to save this labour. It consisted of the shaft 
and pump rods with a series of platforms attached to the 
pump rods at every ten feet in height* that being the 
length of the stroke of the pumps. The pump rods move 
alternately 3 one being at the bottom of its stroke when 
the other i^ at the top. The baskets containing tlie ma- 
terial are run on to a platform which is raised by a self* 
acting apparatus attached to the pump rod to a height of 
ten feet^ the length of the stroke ; they are then trans- 
ferred to the nest ascending pump rod^ which again lifts 
them ten feet, and so on alternately. 

The ti'ansfer^ both in the ascent and descent from the 
last to the next lifk, was not only very ingeniously con- 
trived but was effected with great precision. The raising 
or lowering of the workmen was effected by the same 
process, but with this difference, that they had to step 
firom the ascending platform every time they arrived at 
the height of the stroke, and thus by a succession of lifts 
they arrived at the top. This very complicated process 
is greatly inferior to the plan of winding, which brings 
up the workmen and the coal at once from the bottom, 
saves all this complexity of motion, performs the w^ork 
with five or six times the rapidity, and eflPecta the whole 
operation mth greater certainty. This apparatus failed 
m Cornwall, and from every appearance it is not likely 
to succeed in either this country or in France. 

3* MacliiRery for Washinf^ CoaL — I am not prepared 
to state to whom the public is indebted for this machine : 
I believe it is of English origin, and has been in use in 
this country for some years past with considerable suc- 
cess at the Cleator Iron Works in Cumberland, where I 
have seen it at work \ it is also used in France at the 
DecazeviUe mines. It consists of two rollers, whirh 
crush the coal to a proper size^ when it is collecte 
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runner below^ and from thence elevated to the washing 
machine above. This consists of several perforated plates ^ 
the fir^t having holes about odg inch in diameterj and 
tlie second about half that size. These plates receive an 
oscillating motion, and a stream of water being »ibrced 
through the openings, a regnlar deposition takes placd 
according to the densities of the different parts as theyB 
pass through the water in their purified state. Several 
of these machines are at work at Newcastle, Witharo, 
Wales, and Wigan, 

4. Boring Tools* — It is diflScult to determine whethe™ 
the apparatus for boring to great depths used on the Con- ' 
tinent are superior or inferior to the apparatus empkijed 
in this country. Several ingenious tools of this kind 
have been brought into notice, such as those which cut 
out the core from the centre of the base. The recent im- 
provements of Mr, Mather^ of Salford, appear to execute 
this difficult process with the desired effect- 

An apparatus constructed by M. Degorine was exhi- 
bited at the Exhibition and is calculated to bore from 200 
to 2,000 feet. It consists of a small oscillating steam- 
engine, which works a windlass^ and moves the boring 
rods by a cam for pounding hard homogeneous rocks ; and 
it is also calculated to work at various speeds, accordiDg 
to the depths and density of the strata into which it pene- 
trates. The tools themselves w^ere exceedingly well 
made, of almost every possible variety of form ; those 
used for deep boring, for catching and recovering broken 
rods, &c*, desor%-e great praise for the skill and the in- 
genuity displayed by the maker* 

It would be necessary^ before venturing to express an 
undivided opinion 2B to the merits of the mining opera- 
tions of France, Belgium, &c., as compared with those in 
which this country is engaged, t-o make the tour of Europe, 
and examine personally into the different methods by 



I 
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which these objects are attained. Judging, however, 
from the different machines and apparatus contributed 
for exhibition, I am of opinion that there is probably no 
country where the operations of the miner are carried on 
to the same extent or the same perfection as in Great 
Britain. Here we have mines of greater depth and of 
greater extent than in most other countries, and we have 
probably greater experience, arising from the abundance 
of fuel and the advantages of steam power always at 
command. 



reo 



II. 

ON THE COMPARATIVE MERITS OF THE MACHINERY 
OF THE PARIS UNIVERSAI. EIXHIBITION — CQUtinmd. 

From the foregoing description it will be seeu that the 
state of progress of engineering in this country, ns com- 
pai^etl with France and other states of Continent^ Enrtipe, 
is not unfavourable to the skill and enterprise of Great 
Britain ; and^ following the same line of observation, I 
have to direct attention to the comparative merits of other 
machines presented for inspection at the Paris Exliibition 
of 1855, In this statement I purposely omit the machi- 
nery of agriculture, as a short abstract from the same 
Beport to the Board of Trade will be found in the 
second series of ^ Useful Information for Engineers/ page 
162, In this section I shall therefore have to describe 
other machines of great beauty of design and of admirable 
construction, 

TyPOGRAPmCAL KACHINES, 

The mechanism of printing or typogi-aphy has of late 
years been held in high estimation^ and the rapidity > exajc- 
titude^ and facilities which tJiat department of mechanical 
industry now exhibit-s are^ amongst many other improve- 
ments, the wonder and luxury of the age in which we 
live* The art of printing involves other consideratioBB 
besides those of mechanical construction : it embraces the 
despatch in production^ and contributes to the 
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mdespread and rapid diffusioii of knowledge. And it la no 
small boast that upwardi of 50,000 copies of a daily paper 
like the * Times * can be to some extent compoBed* 
printed^ and distributed to the remotest part of the 
United Kingdom i^^thin a period of less than eighteen 
hours. Such J in fact^ is the progress of mechanical typo- 
graphy [ and the different niaahiues and printing-presses 
contributed to the Universal Exhibition were no small 
indication of the progress made in the aii; of printing in 
Frajice, in this country, and in other parts of Europe. 

Typography is an art of such yast importance to the 
conamunityj that it cannot fall to interest the observer and 
advocate of intellectual progress ; and every improve- 
ment which tends to increase the facilities of rapid pro- 
duction in this art must always be acceptable to the 
economist, the politician, and the philosopher. 

With these unpreasiona the Jury entered upon the 
investigation of the numerous machines contributed by 
different makers to the Universal Exhibition. In this 
inquiry the Jury were ably assisted by M, Holm, the 
representative of Sweden and Norway in this department ; 
and to the discrimination and sound judgment of that 
gentleman the Jury are indebted for an able investigation 
of the merits of most of these machines. 

M> Holm was the reporter to this division in Class VI., 
and has exercised a sound discretion and great care in his 
inquiries into the peculiar properties and novelties of 
each machine j and, having accompanied him in his in- 
vestigations, I am the better able t^ judge of the value of 
each machine taken separately, and the reward to which 
it is entitled. It is therefore with pleasure that I 
have to record the peculiar features of these machines, 
as they came respectively under tlie notice of the 
Jury- 

The first of this class was a double or compound 

M 
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machine, exhibited hj M. Dutartrej of Paris, consistin^B 
of a typograpliical press for printing * vignettes ' and wM 
macliine for printing two colours on the same sheet" 
This machine is chiefly remarkable for the solidity of it^ 
construction, and the great attention paid to the worHng 
out of its details. In the motion of the tables several 
improvements have been effected ; the oblique action of 
the connecting-rod being neutralised by an ingenicms 
application of the guides, which effects a smooth anil 
perfectly horizontal motion. This movement is obtained 
by a crank motion in connection with a fork-ended con- | 
necting rod, and by means of a toothed wheel, a motion 
at once alternate and rotatory is produced. This wheel, 
acting by an ingenious contrivance upon the upper and 
underside of a rack attached to the impression table j pro- 
duces an extended reciprocating motiouj four times that 
of the radiua of the crank. The inking process is also 
well contrivedj and a novel arrangement was observed in 
the roller and ink-box, to which M. Dutartre has added 
a supplementary roller. This is worked by a toothed 
wheelj and not only acts as an agitator in producing the 
necessary fluidity and mixture of the ink^ but regulates 
the necessary supply, with the proper quantity and thick- 
ness of ink for vignettes. This process obviates the nece&- 
sity of warming the ink to maintain its fluidity. The 
inking rollers are worked by w^heels instead of bands as for- 
merly used, which ensures absolute certainty of motion, and^ 
maintains perfect uniibrmity and fluidity in the ink-boxes* ■ 
At the end of the macliLne is a table fornied to receive 
the sheets as they are printed, and to clear the impres- 
sion cylinder* If we consider the mechanical arrange- 
ments of the two machines, and the objects to be attains J 
in the printing of vignettes and two colours by one and 
Tie process, it would seem that this contrivance is 
ed for certain kinds of work. 
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P Second.— M. Marimmi, Chevalier, et Bourlier, of 
Parisj exhibited a steam-preaa of four cylindei^s for print- 
ing newspapersj and a single cylinder press for other 
purposes- On examination the newspaper press appeared 
to be well conatructedj and is caleulated to print 6,000 
sheets on both sides per hour. It is rather complicated , 
bnt with proper attention to the arrangement of the 
partSj it may be much simplified in its movements, and 
rendered a still more effective machine. It prints on both 
sides at once, but the sheets have to be cut iu two, and 
on that account it requires four men to work the machine, 
M5I. Marinoni^ Chevalier et Bourlier exhibited an- 
other maehine for prints, sunilar to that of Dutartre as 
respects the movement of the impression table, but with 
this differencej that the table is supported on four rollers, 
which constitute the reciprocating movement of the press. 
This mode of moving the table is to some extent defective, 
a£ the only guides to the reciprocating movement of the 
table ai-e the ends of the rollers^ which are hable to wear 
and entail variation and uncertainty in a part of the 
machine which requires great accuracy in its movements. 
In other respects it is well executed, and is in high 
estimation among printers, who prefer it to moat others. 

Third. — M, Nicholais, of Paris, exliibited a continuous 
machine, with a cylinder calculated to cover a large 
surface, and approach as nearly as possible to a plane. 
The peculiarity of this machine is, that the cylinder 
works by a fixed rack (on the principle of Baker's 
mangle) attached to the table, and it is so constructed 
that it works only during the time it is in contact with 

I the sheet, the period of rest being effected by the removal 
of a few teeth in the mortice- wheel, which produces the 
Stoppage without retarding the progress of the other parts 
of the machine* In this way the table is reversed in and 
out of gear, and in such form as to suit the impression ^ . 



W 
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rollers^ &C.3 are of large dimcnsionsj which gives solidity 
and greater exactitude to the performance of the machine* 
M* Alauzet^ finding it im|>08sible to exhibit more than 
one machine y iii\'ited the Jury to viait his establishment^ 
and to judge for themselves as to tlae merits and advan- 
tages peculiar to this construction. In that eistablish- 
meut the Jury found several ingenious movements and 
devices for simplifying and facilitating the process of print- 
ing, and amongst them a contrivance for giving the 
requisite pressure to the cylinder by meaiis of eccentric 
curves placed above the axis of the impression-cyliTider, 
A brush is also attached to keep the paper to the cylinderj 
and in order to ensure uniformity in the impression, 
hollow bronze rollers are used iu some cases above the 
other rollers^ to equalise and distribute the ink. 



r 



LITHOGKAPHJNG IHjICHINES. 



MM. Huguet et Yate, of Paris, exhibited a machine 
which greatly resembles the typographical press. It is 
worked by steam, and consists of a tablcj upon which the 
stone is placed, and the impression is obtained by means 
of a cylinder with regulated stops, moved by racks and 
worked by pinions, baWng an articulated axis attached to 
the impression* table. The platform or surface for the 
distribution of the ink is fitted to the impression-table, 
and the machine taken as a whole is nearly the same a« 
the ordinaiy printing-machine^ but with this difference, 
that there is just sufficient space between the circumfer- 
ence of the cylinder and the impression-table to admit 
the stone* When the stones are of different thicknesses, 
the required height is obtained by zinc plates; and to 
obviate any defects or unevenness of the surface of the 
stone, a thin piece of felt is interposed between it and 
the impression-table. 
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In workiDg UthogTaptic presses hj hwad^ it will be 
observed that the workman has to moisten the stone with 
a water-sponge after the impression, and before the infe k 
applied. This operation is effected by MM. Hiiguet 
et Vate by damping roUerSj covered with cloth saturated 
with water- The niotion of these rollers is very ingeni- 
OTisly contrived, and immediately after the impression \& 
taken the rollers are raised by curved eccentrics* and 
the motion la so well timed as to prevent them touching 
the stone after it is inked. This application of the damp- 
ing-rollers constitutes the novelty and superior efficiency 
of the machine ; and such is the facility by which the 
impressions are taken, that ofiW copies can be produced 
per day, while only one-fifth of that number can be exe- 
cuted by the hand-press in the same time. 

MM. Dupont, Daret, et Carlier, of Paris, were 
large contributors in typographic as well as in litho- 
graphic presses* The former (tliree in number) are of 
great importance; and the fourth, although not equal 
to MM- Huguet et Vate's machines, has nevertheless 
some points about it entitled to consideration- This 
machine may be used as a compound press, one half 
worked by steam and the other half by hand. Like 
other presses of the same kind, the stone is placed upon 
^, table, and the impression is taken by a cylinder rolling 
over its surface. The table is moved by a rack and 
pinion, but the stopping and starting is effected by hand; 
and the process of inking, fixing the sheet, &c,, takes 
place during the time the press is at rest. From this it 
will be seen that a great deal of valuable time is lost by 
this process; and although some attempts have been 
, made to remedy these defects by steam rollers at each 
end for distributing the ink, the machine is nevertheless 
far from perfect, 

other articles of the lithographic art 



was a I 
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small portable press hj M, Ragueneau* of Paris, which 
reproduces any kind of writing or drawing without tran- 
scribing the original on stone. This was done by Bimply 
writing the original, or what is wanted to be reproduced, 
on autograph paper with ink ; it is then transferred to a 
metallic plate composed of pewter^ antimony, and bis- 
muth, fixed in a frame of the required size of the plate. 
The plate is inked by a roller in the same way as the 
lithographic stone, and a small tympaUj or frame covered 
with leather, is attached to the block, and serves to cover 
the paper attached to the plate. The impression is taken 
by a smaU lever, which works the press by forcing the 
leather of the tympan upon the plate. The whole 
apparatus, w^ith its inking-roUere, &c., is coiitained in a 
email box, the price varying, according to size, firom 50 
to 150 fmncs- 

The articles contributed by IL Schnautz consisted of 
divers samples of his manufacture of lithographic im- 
pressions taken by rollers in black ink^ and graduated 
tints of different colours. These rollers are composed of 
iron, covered with an elastic body of felt cotton, and tliis 
again mth an envelope of leather (chemise en cuir)^ so 
neatly fitted as to render the jointing as nearly as pos- 
sible imperceptible to the naked eye. 

M. Brisset, of Parisj exhibited an iron lithographic 
press of the same construction as those generally em- 
l^oyed in workshops for lithographic purposes. The 
Ij^rice of M. Brisset's machine is 900 francs if the framing 
be of iron, and 600 francs if made of wood. This press 
has a supplementary framing, with transverse bars, and 
in these are point- holes for the purpose of adjusting the 
register when required to take more than one impression 
upon the same sheet. This arrangement of the parts is 
of some impoii^anccj as two or Aiore colours can be taken 
by these means on the^same sheet. 
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M. ThuTien exhibited a hand-machine similar to that 
used for letter-printingj and known ae the ^ Stanhope 
press,' but with the difference that the space between the 
table and the faller is sufficient to admit the lithogmphic 
stone in place of the type. In addition to' this arrange- 
ment, M, Thuvien haa established a supplementary plate 
of such thickness as to make up the difference of heigbt 
suitable for lithographic impress ions. The tympan of 
this press, like some others already described, has point- 
holes^ which enables the operator to give different coloured 
impressions, similar to those produced by M, BrissetV 
machine. 

MM. Cellerin et Devellicr, Paris, contributed a 
machine for enlarging or reducing designs. It ib very 
ingenious, and consists of a circular table with the edge* 
rounded. Upon this table is stretched a sheet of vul- 
canised indiarubbeij of about three millimetres thick 
The edges or circumference of the indiarubber are Avmi^ 
tight, and fixed to a circular ring, which regulates the 
caoutchouc by a screw which increases or diminishes the 
tension. Thence an impression taken when tlie caout- 
chouc is hali' stretched can be enlarged by lowering the 
ring, and vice versa, the impression can be diminished 
by raising the ring. The impression of the design or 
the engraving required to be enlarged or reduced is first 
traced upon a sheet of gelatine or calking paper i it is 
then laid upon the vulcanised indiarubber^ and when the 
sijie of the impression is fixed, two or three enlarged or 
reduced proofs may be taken, in their relative proportion 
the same as the original. 

The utility of this machine is obvious in facilitating the 
operations of artists and designers for stuff-printing upon 
coloured paper, wood-engraving, and vignettes, 

Messrs, Ileim Brother!., of Offenbach, Grand Duchy 
of Hesse, exhibited a great vai'iety of maohtnea and 
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ressGSj remarkable for their cheapness and for the quality 
of the workmanship. Two-hand typographic presses were 
introducedj from which impressions are taken by a cotn- 
tioation of levers ; also a lithographic presa from which 
irapreBsions are obtained by a long lever and clutch 
fixed on one side of the press- This lever and clutch 
operate upon two shorter leyerB, one on each side, with 
connecting-rods across the rateau. The motion of the 
impression-table is effected by racks and pinions on each 
side of the presSj and the whole of the operation is very 
simple, and may be established at a very small coat. In 
addition to the above, there are two presses for cutting 
paper, two others for giving impressions in relief upon 
skins, "With the table resting upon springs. The^e ai*e 
chiefly employed in bookbinding, A machinCj with a 
cnrved knife, for cutting pasteboard, was also exhibited; 
the peculiarity of this instniment is the angle at which 
the knife is set, in order to place the edge in the most 
favourable position for the operation of cutting. Another 
pressj with steel rollers^ and table covered with steel 
plates for glazing and polishing, completes the series of 
Messrs* Heim Brothers* constructions. 

In the department of Lithography, M, Busser, of Paris, 
exhibited a press of the ordinary construction, but with 
this modification, that the movement of the rubber rateau 
is effected on each side of the press, in order that the 
rateau should always be in a position parallel "vnth the 
surface of the stone. The arrangement gives sufficient 
elevation for the movement of the rateau, but in ordinary 
presses, where the pressure of the rateau is produced 
from only one side of the press, it becomes necessary to 
use a spring on the opposite side, in order to obtain the 
required elevation between the rateau and the tympan. 

It is much to be regretted^ in this investigation of 
Typographical Machines, that none of a similar character 
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from this country or America were present with those of] 
France and Crermany, Such a press as that from whicli [ 
the * Times' is printed at the rate of from 50,000 ta I 
60,000 copies in a very short period of time, would hsTi ' 
been highly valuable, and wonld have ranked in juxta- 
position with those just described. It will however be 
remembered that every invention for perfecting these 
machines, and thereby obtaining facilities for increased 
rapidity in production^ is of great public benefit; and* 
without depreciating the value of the machines submitted 
for iuspection at Paris, it is more than probable that those 
of this country would have home the test of compari^a 
with credit. 



MISCELLAinSOUS IMACHIKES FOR VABI0U3 PtmPOSES, 

It would prove an endless task to attempt a description 
of the immense variety of machLnes in this class. Those 
for the manufacture of hooks and eyes, grinding^ com- 
pressing, and folding in paper chocolate cakes, washing, 
cleaning and corking bottles^ cutting ivory, shell, and bone 
for combs, and machines and tools for the manufacture of, 
brushes, may be enumerated as a sample of the curiositi) 
of this numerous list. 

The machine for compressing chocolate into cakes am 
folding it in paper coverings is a clever and most 
genious contrivance; it was designed by a young matt' 
from a verbal description given by his employer of the 
envelope machine, which he had seen at work at the Great 
Exhibition in 1851, Its operations in forming the cakes 
were well pei-fonncd ; and such was the exactitude of its i 
motions in folding the paper and sealing it with red w&sqjfl 
that the human hand could not have done it with greater 
precision. The levers, pliers, and folders were equivalent 
10 many fingers, which handled the package with i 
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degree of certainty IiJglily creditable to the ingenious 
contriver of the machine. 

There was also a well-conatructed machine for the 
raaniifaetiire of hooks and eyes ; it was di-iven by steam- 
power, like the chocolate machine, and manufactures all 
sizes, from the largest clasp to hooks and eyes hardly 
perceptible to the naked eye» Like the cardraaking 
machinej it cuts and bends the wire, forms it into loops, 
and stamps it into the required form with the greatest 
rapidity and precision. It manufactures four or five 
times as many as could be made by the old hand-process 
in the same tune. 

Amongst other machines exhibited, that for moulding 
bevel, spur, and other wheels deserves particular mention. 
It is the production of our own countryman, Mr. Peter 
Jackson, and possesses the following advantages ; — -The 
ability to give to the teeth of each wheel a true epicy- 
cloidal or any other form that may appear advisable; 
great saving of time and expense in making patterns ia 
effected, as a short segment only is required for moulding 
the wheel. It further enables the millwright to attain 
much truer wheels than could be produced on the old 
plan, and hence toothed wheels made by this machine 
may safely be run at much gi-eater speed than those of the 
ordinary construction- 
Fig. 10, (p, 172) is a vertical elevation of the machine, 
showing the moulding box and apparatus connected with it. 
Fig- 11. (p- 173) is a plan of the macliine, 
^k It consists of a vertical spindle A, with a horizontal 
^able or face-plate b upon it; this spindle works in the 
conical bearing formed in the frame C- The foot of the 
gpindle B is supported by four diagonal struts d d, extend- 
ing downwards from the frame C which supports the 
table B, and everything that is laid upon it by means of 
the footstep e^ by which the table can be raised at pleaari 
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in the conical bearing in the frame C, thereby enabling 
the workman to turn the table round with very little 
force and perfect steadiness, though bearing a great 
weight. 

F F is a horizontal slide-bed attached firmly to one 
eide of the frame c ; upon this slide is moved the sliding* 
jib 0, carrying at its extremity the vertical elide H* A 
rack 1 1 is attached to the Blide-bed, into which works a 
pinion on the shaft J, driven by bevel- wheels and the 
cross-handle K. By means of this apparatus the vertical 
elide h can be placed in any position over the table b, or 
removed clear from it on either side, 

The set screws l l are for the purpose of fixing the 
sliding-jib firmly upon the bed, and holding it in any 
position that may be required. 

The vertical slide H is moved by a rack and pinion 
worked by a handle and shaft M, and is rather more than 
counterpoiHcd by a weight T attached to a chain passing 
over a pulley at top, A rachet-wheel with pall is fixed 
upon the handle M, to hold the slide from being drawn 
up by the balance -weight, or forced up by the moulder; 
and the balance-weight is made a little in excess, ao aaj 
always to insure a pressure upwards agednst the rachet ■ 

A worm-wheel is fixed upon the underside of the cir- 
cular table Bj and is worked by the worm and shaft o, 
turned by the handle and change-wheels p, similar to an 
ordinary dividing or wheel-cutting engine. By turning 
the handle P the required number of times, having pre- i 
viously adjusted the change-wheels to suit the number oS 
teeth in the wheel intended to be moulded, the ch*cular 
table B is moved round an interval equal to the pitch of 
the wheel, and this movement can be accurately repeated 
through any part of the circumference. 

The short segment pattern of the wheel to be mouldi 
attached to the vertical slide H, and the mouli 
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box to the table b, the segment pattern is brought down 
by the slide till it rests on the levelled sand intended to 
form the bottom of tbe mould, the top of the segment 
being level ivith the edge of the moulding-box; the 
moulder then rams up in the ordinarj way that portion 
of the box opposite the segment pattern bjr means of the 
slide Hj and then turns the circular table Bj by the handle 
p, through an interval eq^ual to the number of teeth con- 
tained in the segment pattern ; the pattern is then again 
lowered and the ramming-up of the mould proceeded with 
in the new position of the box ; and this process is re- 
peated till the whole wheel is moulded. 



I 



JiACHINES FOK SETTING-UP AifB BBTElBTTTmG TYPR 



Three of these were exhibited j two from Belgiumj and 

one from Copenhagen, One of the Belgian machines 
was for setting up^ the other for distributing, by the move- 
ment of keys alphabetically arranged. In the Copen- 
hagen machine, invented by Mr. Scirensen^ these two 
operations were performed by one machine, the distributor 
being above and the composer below. All these machines 
exhibited great skill and ingenuity in the arrangement of 
the grooves or conduits for conveying the types to the 
composer as they were struck off by the distributor. 
Mr. Sorensen's machine consisted of a cylinder about six- 
teen inches in diameter, the upper part of which contains 
grooves iu which the type is arranged. From this part 
of the cylinder they are dropped into their respective 
grooves by action of keys, like those of a pianoforte ; as 
the compositor spells the words the grooves convey them 
to the composing-stick, and arrange them side by side- 
All the type was of the same length and thickness, and 
the machine is admirably contrived to insure their faUi 
with thein heads up into the channels which convey 
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to the composing-stick J where they are divided into Ibfl 
according to the size of the page, M, Scirensen's machin 
was heautifully made, and its operations^ in the handi 
ita inventor, were highly satisfactory ^ and well deservi 
the commendation of the Jury, m^ 



CONCLUSION. 

It is to be regretted tliat we have no statistical accouni 
on which reliance can be placed^ of tJie condition of 
working -classes abroad, as compared with that of thi 
English operatives ; judging, however, from what I Bfti( 
of the j)opuktion of Paris and other parts of Enrope al 
the peace of 1815, and during several subsequent visil 
I should infer that the whole working population of 
capitals and large manufacturing towns of both countrifli 
has undergone a considerable change, and is still in a stati 
of transition. The increase of manufactures of all kin< 
and the earlier introduction of railway communication im\ 
rendered this change more strikingly apparent in our & 
than in foreign countries, and the population of Gri 
Britain hai* already felt ^ and in some degree accommodate^ 
itself toj these influences, which abroad are only beginni 
to produce their results ; and on the Continent the effects 
of a transfer from one system of operations to another are 
now developing themselyes. 

The French ouvriers are active, intelligent, and well 
employed — the Germans, Swiss, and Belgians, patient 
and enduring : and although foreigners may take a longef 
time in executing work than English workmen, they ^ 
nevertheless expert, and in many cases better educatei 
therefore better able to cope with the difficulties ai^J 
nt the obstacles in the way of a succeasfui 
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I do not mean to intimate that the maas of the work- 
en a^broad are better educated or better informed in the i 

•uctice of their respective callings than in England, but i 

firmly believe from what I have seen^ that the French 
id Germana are in advance of us in theoretical know- 
dge of the principles of the higher branches of indus- 
ial art ; and I think this arises from the greater facilities 
forded by the institutions of those countries for instruc- 
on in chemical and mechanical science. 
When reporting on the manufacture of iron, I en- 
eaTOured to show that, not>\ithstanding the natural re- 
3urcea placed at our disposal, the quality of our cast 
'on is not to be depended upon, that under the powerful 
dmulus of self-aggrandisement we have perse veringly 
dvanced the quantity, whilst other nations, less favoured 
nd leas bonntifuUy supplied, have been studpng with 
anch more care than ourselves the numerous uses to 
trhich this material may be applied, and are in many 
ases in advance of us in quality, 

I also adverted to the advantages of the employment 
rf iron as a building material, and pointed out that the 
Ibcation of that important class of men, mechanical 
architects, who give character to the taste of a community, 
ia behind that of other countries. The architects of Great 
Britain have not availed themselves of the use of iron in 
f^nstruction to the extent they might have done ; and it is 
6&mewhat surprising that it should be so energetically and 
Irt^fitably employed in buildings in France, where its cost 
is nearly double what it is here^ and is a reflection on the 
intelligence and enterprise of a profession that has always 
stoodj and I hope will continue to stand, high in the 
eitimation of all who wish well to their country and to 
the advancement of the industrial arts. 

Several ingenious contrivances have from time to time 
^^^n brought forward by our Continental and American 

N 
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competitors in machinery for the matiufacture of teJttilj 
fabrics > and a friendly rivalry has always existed amonff 
the contributors to this department, which ha^ had tm 
best possible influence on the progress of manufact 
iBdustry. Great Britain has assuredly every reason 
be proud of the position she holds in regard to thil 
division of the mechanieal sciences ; to maintain it sb 
must exercise the same skill and indomitable pein 
verance which have marked her past career ; and so long"' 
as the same inducements are in operation, and sin 
eneouragements for active exertiona are held out, he 
spirit of enterprise and energy of execution will lead 1 
the best resuits. 

I have ahready expressed my opinion of the great pt^ 
gress that has been made in the construction of steal 
engine&i iron bridges^ and machinery* wherever tb 
railway has made its appearance* In- this departmenfi 
however, our superiority is not so strikingly markedj 
although we still take the lead, we are not much in ad 
vance of others, as the engines exhibited at Paris fulrf 
proved. In marine constructions we are still superior t<»1 
all other nations ; but abroad rapid advances are makiQ<r 
in that direction also, as was evidenced by the engines of 
the Mortala Works in Sweden, which were adinirably 
made, both as regards simplicity of ibrm and compactnesi 
of construction. 

In the construction of millwork tins country gtan 
unrivalled i and although repeated attempts have bees 
made to imitate tJie transmissive machinery of our manu- 
facturing districts, they have not been as Buceesaful 
might have been expected; and our millwrights st 
alone for neatness of design and judicious proj>ortion i 
the parts of the transmissive machinery employed in alll 
*he branches oi" that useful department of industry. 

" I ^e manufacture of tools for workshops we are i 
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mequalled^ as with one or tvro exceptions tbe tools of 
foreign Gon&tniction will not bear comparison with those 
Df this country. The same cannot be said of the lighter 
iescriptions of machinery and instruments of precision j 
in many of these constructions the Frenchj Germans, and 
[Swiss are even in advance of the manufacturers of this 
leountry. 

With the exception of reaping-machines, in which 
I America excels, our agricultural implements, including 
Ithose for working plastic materia Ig^ are superior to those 
of most countries^ and this superiority appears to be due 
to the variable nature of our climate, which necessitates 
an improved system of culture and the use of machines 
calculated to save time and to insure success in the labours ^ 
of the farm. 

iln conclusion J it only remains to state that the Paris 
Universal Exhibition of 1855 and that of London in 1851 
have produced their proper effects* They have shown to 
the world, in every department of industry and of prac- 
tical sciencej wherein consists the prosperity of nations 
and the happiness of mankind. They have shown how 
all materials, whether derived from the forest, the field, 
jor the mine, may be turned to purposes of utility ; how 
the labour of man may be multiplied a thousandfold: 
^ how the fruits of the earth may be cultivated and gathered 
[in for man's necessities ; and how works of art may he 
[elaborated to increase the happiness and enjoyment of his 
lexistence. All these things were exhibited on a scale 
ammensurate with the greatness of an undertaking so 
Ivast in extent, so varied in form, and so characteristic of 
wbM the duties and wants of human existence, as to elicit 
I the admiration and praise of astonished multitudes from. 
levery country of the civilised world* 
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ON THE MACHINERY DEPARTMENT OF THE IKTEB- 
NATIONAL EXHIBITION OP ISSa.* 

No section of the Great Exhibition afforded a deep^ 

interest to all classes of tlio British public than the 
Department of Machinery, 

Whilst in other divisions it was the object of our Con- 
tinental neighboura to excel, it was evident all they could 
hope to do in the profane e of mechanical engineering wa^ 
to stand on the same level, and compete %vith us in i 
friendly rivalry of skill in constructive art. In many 
instances they succeeded ; but we believe that every com- 
petent judge of the subject who visited the Exhibition^ 
and every reader of the following remarks, will agree 
with us in thinking thatj notwithstanding the rapid and 
creditable progress made elsewhere^ Great Britain still 
holds the proud position of being at the head of nations in 
mechanical appliances and engineering proficiency. 

In order to enable our readers to form a clear concep- 
tion of the advanced stage to which the mechanical opera- 
tions of the engineer have attained, it will be necessary j 
to examine — 

1st The sources from which we obtain the elements | 
of motive power, comprising the steam-engine, its varieties.* 
fomiB, and application. 

2nd- Water-powers as exhibited in water-wheels, tiu^ : 
bines, and other hydraulic machines. 

3rd, Grinding, crushing, and cutting machines. 
* Abfltmct from Mr. Fairbairn's Eeport. 
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[• 4th. The machinery for the manufacture of textile 

feibrics. 

I 5th< Loeomotive machinery and railway plant* ■ 

I Lastly- The machinery of agriculture. 

As an introduction to these divisions of our subject, 
me would observe that we have for the source of all 
mower the heat of the sun, which, according to the new 
[theory of Professor W. Thomson and Mr, Waterton, is 
Bproduced and maintained by a constant shower of meteoric 
matter falling into that luminary. If we assume this to 
he true, it then, follows that this continuous flow of matter 
will produce cosmical heat, which acting upon the surface 
bf the earth stimulates the growth of plants, and these 
again employed in the shape of fuel are converted into 
, mechanical force, whicbj united to other contrivances, abate 
fthe necessity for muscular exertion in man and animals. 
To the same source may be traced the ■vivifying principle 
of animal and vegetable life ; and the deposits of past ages, 
pow in use as agents of accumulated force^ are those which 
constitute J in almost every case, the necessary provisions 
for obtaining power in the shape of mechanical force** 
I Steam-engines are the moat important agents now in 
use as motive power in Great Britain^ and from these 
alone we receive nearly the whole of the force at present 
operating in manufactuxeSj steam navigation, locomotion, 
and mining. They are of three classes of engines^ — 
Stationary, Marine^ and Locomotive ; and these are again 
subdivided into Condensing and Non-condensing Engines. 
Nearly all of them at the present time work the steam 
expansively ; that is to say^ they are so arranged in the 

instruction of the valve motions as to cut off* the com- , 
inunication with the boiler at one-eighth to two-tb'»^o of 
the strokcj as the case may be^ regard being h 

* Pot the two piindpol laws of ttermo-dyn arnica i tvV^ p 1 
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presiure, or power necessary to overcome the resistance 
of the load. Some engineers go so far as to cut oft' the steam 
at one-sixth and one-eighth, and expand the remainiug 
iive-sixths or seven-eighths of the strc^ke. The expansive 
system is now thoroughly understood, and is in almost 
every case resorted to, with a great savinjr of fuel. Ot 
late years the principle of expansive working was very 
imperfectly understoodi and the result of its introduction 
was an immense economy ; for more than double the 
quantity of work is now done with the sanie quantity of 
fuel, of what was formerly accomplished on the old nnn- 
expansive principle. It must, huwcver, be borne in mind 
that this cannot be effected without an increase in the 
pressure of steam, and hence follows the necessity of 
having the boilers of increased strength and improve* 
construction,* The neglect of these precautions has r* 
suited in serious and fatal accidents, attended with con- 
siderable loss of life and property. 

Irrespective of increased pressure, and working iin 
steam expansively, the speed of the engine has been 
creased about one-third since the days of Watt. In hii 
time the piston of the stationary engine travetled at th( 
rate of 240 feet per minute ; now it averages from 300 
350 feet, and on some occasions to 400 feet, and this, coi 
bined with high-[)ressure steam worked expansively^ in* 
creases the power of the engine, in some cages^ upwai 
of twofold, and, as already stated, doubles the quantity ol 
work done with the same quantity of fuel. Thus ai 
important saving is effected to this and every other conn: 
where steam is employed as the agent of motive forcen 

The Exhibition of 1862 does not present any new or 
original conception in the construction of stationary 
'engines, with the exception of the non-condensing engines, 
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wtieh, in this case, have their cylinders horizontal instead 
of vertical, as exhibited in the old construction. There 
are some advantages in this, as the cylinders of the non- 
condensing engines are comparatively small j and are less 
liable to wear oval than would be the case in the laxge 
condensing engines. These engines are^ however^ chiefly 
used as assistants to the stationary condensing engine, 
and effect a saving by the steam being employed twice 
over, for it first propels the piston of the high-pressure 
horizontal engine, after which it is conveyed to the cylin- 
der of the large condensing engLne^ where it finishes the 
work at a c^nslderahly reduced pressure. 

These double engines are mere substitutes for the com- 
pound Engine of Woolf, with this disadvantage^ that con- 
siderable loss is sustained by condensation in conveying 
the Bteam from one engine to the other j and, taking into 
account the back pressure and other causes, this combina- 
tion is less effective than the united compound engine. 
But exclusive of these drawbacks, it \e found in practice 
that the non-condensing engine does nearly the whole of 
the workj and in many instances drags forward (if we 
jinay use the expression) the piston of the old condensing 
engine along with it. The work done by the larger 
engine is, therefore, nil, or little more than what is gained 
bj vacuum and condensation. In the Woolf or com- 
pound principle, this is not the case to the same ex^ 
tent ; but it yet remains to be solved what benefit there 
m in a more expensive and more complicated construction, 
hen the same advantages can be obtained by the single 
cylinder. 

That is the question for solution, and to which the 

vocates of the double cylinder reply, that in working 
ith high pressure steam the force applied to the piston 
f the first cylinder is diffused over a much smaller are^ 

id the action is less severe upon the working parts 
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the eogbae than if forceil, with the Telocity of impact^ 
upon the surface of a greatly enlarged piston, as in the! 
case of the single-cjliuder condensing engine- Thi/i,l 
to a certain extent, is correct, only it does not affect itsj 
working economy, but simply the strength of the wodi-^ 
ing parts of the engine. Again it is stated that the I 
double-cylinder engine produces from the same cause al 
more unifonn motion than the single-cylinder engine,! 
But the advocates for the single-cylinder system affirm 
that these objects are all attained, first j by cutting off' the 
steam at a point that will produce the same rate of ex- 
pansion as in the compound engiucj and this, althougK 
suddenly effected, is fully compensated by the action of 
the fly-wheelj at the greatly increased speed of the 
engine. 

We have been the more particular in this description 
as the question is not yet settled among practical mea 
which of the two systems m the best ; each side has its 
advocates, with proofs which they adduce in confirmation 
of their respective theories. Without entering further 
into this question, we may, however^ state that we would 
prefer the single-cylinder engine, where the advantage* 
are the same as those of a more complicated form*; for it 
appears to us that no benefit is gained in the shape ofj 
economy by the double or the compound engine ; on thej 
contrary, we are inclined to believe there is a loes in thsj 
former, o\ring to the difficulty of working them togetherl 
as one engine* The same reasoning will apply to wlmtl 
is called the M' Naught princifjle, which consiBt^ in placlBgj 
a high-prcsBure cylinder at half-stroke under the mainj 
working beam of the ordinary condensing engme, and' 
exhausting the steam from one cylinder to the other, on I 
the same principle as already described in the doubfe 
^ Qfci^ntal, and vertical system, 

laving described the difierent forms and conditions nf 
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lur stationary engines, and the improvements that ha^e 
>een effected by the introduction of high-pressure steam 
orked expansively, we may conclude this part of the 
subject by obser^ing^ that we are iar from arriving at 
liat iKjint of economy in the use of steam which an in- 
creased pressure and a still greater expansion is calculated 
to attain. It is true that the danger of twiler explosions 
ay be increased, and so it would with our present means j 
ut in our locomotive engines we already work steam at 

i200lb. pressure on the sqnare inch with greater safety 
jpiiaii is done in our stationary engines at a greatly re- 
p:uced pressure ; it is, therefore, evident tJjat we are be- 
liiud in tliis department, and a wide field is still open for 
Improvement It is not our province in this article to 
point out how this can be acoomplished, but we may 
safely affirm that the improvements already attained are 
only the precursors of others of much greater importance 
in the economy and use of steara, 
I Marine Enpnes. — ^In tliis department of constructive 

^krt this country stands pre-emiuent in advance of all 
^^thers at the Exhibition. It is not the principle nor yet 
the power that attracts notice, but the application, design, 
and construction of a machine calculated to propel a 
vessel of 6,000 tons burden, at a rate of from fourteen 
to fifteen knots an hour, and yet so small and so compact, 
compared with the magnitude of its force, as to excite the 
admiration of every beholder. In this department of 
mechanical science we have, concentrated within a space 
little more than twenty feet square, a force equivalent to 
2,600 indicated horses' power, and that with all the con- 
veniences of approach to every part of these powerful 
machines^ 

For examples of engines of these colossal dime"«inTii£ 
and compact form, we have only to refer the r 
those of Penn, Maudslay, Rennie^ Humphries, an 
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to convince him of the superiority of their construction, 
the mathematical accuracy with which they are designed, 
and the preciBion with which they have been mantifactitreA 
In ther^e respects they arc superior to any tiling before 
accomplished in this country* Several specimens of a 
different kind have been exhibited from France and other 
parts of the Continent ; but they are not the best tjx- 
amplea of the industry of those countries^ excepting some 
small engines from S weden^ and a beautiful double-acting 
engine for river boats, hy Messrs. Escher Sc Co.j of" 
Zurich. As a whole, the marine department has been 
well represented by engines of great power, and working 
models (chiefly by Maudslay & Field) of great beauty. 

It is not our intention or we might have entered more 
into detail, and illustrated the various contrivances of thi 
working parts ; under the circmn stances, we have to con- 
fine ourselves to the following outlines of the different 
types of marine engines, as exhibited by the different 
makers, showing the space they occupy in the ship^ length 
of cranks, &c., as given in figs, 12, 13, 14, and 15, taken 
from Mr. Mallet's report in the Practical Alechauks 
JournaL 

From the above it will be seen that fig. 1 2^, with the 
double piston-rod and reversed connecting-rod^ occupies 
the least space in length; fig. 14, %vith a three-crank 
connecting-rodj the next; and subsequently follow 
in the order of length; fig. 13, trunk engine, and, lastly^ 
fig* 15. Mr. Mallet classifies them differently by taking 
the crank as the unit of measure ; from which it follows 
that the direct acting-engine, with short connecting-nxli 
occupies a much less total length than either of the otherSt 
This saving of space on board ship is always adesideratmnj 
in the construction of marine engines, and is a point care- 
attended to in the British navy. 
^H of the engines are of the serew-propeUer kind^ 
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and the specimens exhibited axe certainly of the highest 
order, whether as regards design or workmanship. The 
Working parts are chiefly composed of wrought iron with 
a link-motion for working the valves. Paddle-wheel 
engines are not exhibited, excepting only in models, and 
a pair of oscillating engines, including drawings and 
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Fig. 13. 
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Fig. 14. 
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Fig. 15. 




models of Maudslay's annular cylinder engine. Most of 
these have been in use for years, and are, therefore, de- 
ficient in novelty when compared with the more comp 
form of the screw-propeller class. Altogether the I 
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bition Id this department is replete with admirable speci- 
mens of marine constructions, and we have only to instance! 
the 600 nominal horse-power engines by Penn, and the 
800 horse-power by Maudslay & Field for the iron-plaml 
frigate Valiant^ with others of less power, to be convinced 
of the wonderi'ul development of mechanical science in 
this age of progress . 

To marine constructions we have to add a great varietT 
of vertical, horizontal, and angular engines, adapted t<> 
almost every possible purpose where power is required. 
Some of these engines have double, high^ and low pressure 
cylinders, with and without condensers ; others are single 
cylinders of peculiar construction, and exhibit several new 
arrangements accompanied with Burface-condensation* and 
other contrivances for superheating steam f and preventing 
the escape of heat. All these are improvements on the past j 
but those which have been eflected during the last seventy 
years (although valuable in themselves) are not such u 
aftect the general principle arrived at by Watt, and subse- 
quently perfected by the same comprehensive intellect that 
made the steam-engine what it now is, the strong arm of 
power and the hard-working agent of civilised existence. 

Water Power* — Half a century has scarcely elapeed 
since water was the prime agent as a motive force. To 
that element^ and to wind, we had recourse when 
power was required for the purprises of mining, agrical- 
ture^ or manufacture; but the limitation of supply ani 
requisite height of fall required for power were so great, 
and so uncertain^ as to cause frequent stoppages of the 
works, and to spread them widely distant from each other 

* f?tirface-nanc!j?Ti3i?r« ftfe vossek in which the stenm is couden^i^d hj 
pumpini^ f^old water on to tbe exterior aurfact^s of tubes tiiFOUgh wiiicb tt? 

i»m ia miporhfated by the pipes cqh twining thesteiim p&sausg tlmiUgi) 
ab heated flrith ait flt a high temperature. 
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the face of the country. At the commencemeiit of 
e present century , Tvhen the unproved machinery of 
LArk Wright and Cromptou created a demand for power on 
& large scale^ the whole of the river and mountain districts 
N^ere searched for suitable sites for mi 11 a ; and for a series 
«3f years it was found necessary to take the mill to the 
jjower, and not the power to the mill^ as it has been since 
the introduction of steam. In some countries it is still 
desirable to employ water as a moving power, and hence 
[follow the niimcrous improvements that have taken place 
fin the constriiction of water-wheels^ turbineSj and other 
^liydj^ulic machines- As late as 1830 water-power was 
still in demand in this country ; but from that time to the 
I present it has been considered of little value unless it be 
[in some districts where the power is considerable, and 
^ffhere the weirs, aqueducts, and mill-daras already exist. 
HpOr a number of years the mills for cotton^ com, and flax, 
^ere turned by water, and the construction of water- 
wheels was greatly improved by making them entirely of 
iron, which took place at the beginning of the present 
century. The late Mr, T, C. Hewes was one of the 
earliest improvers of water-wheela on the suspension 
I principle, and this was followed by a new system of 
Tentilation, by which the buckets were relieved of air on 
die entrance of the water, and subsequently restored at 
I the lowest point of discharge. By this ingenious but 
simple contrivance the duty of the water-wheel was raised 
Jo a maximum, and the construction of water-wheels 
^■inpoaed of iron arrived at a very perfect state. It was 
^R this time that the investigations of Poncelet and the 
perseverance of Fourneyron introduced the horizontal 
H&eel, founded on principles established by the fonner and 
aflopted, after careful experiments, in the shape of the 
turbine by the latter. For several years the turbine made 
alow progress, as its advantages were not superior to that 
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Tolving wheel by pressure as it glides over the surface of 
the Tanes- Burdin, about 1826, invented a turbine of this 
descriptioTi (turbme a u^aeuation alternative)^ the efficiency 
of which was about 67 per cent, of the theoretical falL 
|k 2nd, Turbines in which the water flows horizontally and 
outwards.* 

In turbines of thia class the revolving wheel is placed 
outside of the fixed wheel, so that the water directed by 
gnide-plate;^ on the inner wheel strikes the curs^ed vanes 
of the outer wheel, and forces tlietn round by pressure 
and reaction. The water is regulated by a cylindrical 
sluice fitting between the fixed and movable wheels, 

M. Foumeyi'on^s turbine is the chief e:sample of this 
class. Its advantages, as stated by M, Poneeiet in Ms 
report to the Academy of Sciences at PariSj are the high 
velocity at whicli it may be worked without reducing its 
useful effect, its small size, and, lastly, its capabLlity of 
working equally well under back-'water. From the ex- 
periments of M, Morin, the co-efficient of useful eff'ectf 
appears to range from 0'60 to 0*80. On the other hand, 
it has to the full the defects of this class of machines, 
requiring the utmost nicety of design and execution, and 
being very susceptible of injury from small bodies carried 
into it by the water. It requires for it^ successful appli- 
cation both a large acquaintance with the principles of its 
construction and a considerable experience of its use. 

3rd. Turbines in which the water flows horizontally 
inwards ; vortex wheels.^ 

We owe the invention of this class of turbines to Pro- 
fessor James Thompson, C.E., of Belfast, and probably 
BO turbines are more efficient or capable of more sreneraJ 

* Vid^ * Hj11& and Millwort/ Part I., 2nd oditlon, page 1S2 et seq, 
t The coefficient of UBcful effecit ia the peifcentjige of the pow^^r expended 
aa compared with the work accomplished. 

\ Vid$ * MiUs and Mill work,' Pajt I.| 2iid edition, page 166 rf seq. 
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application to every variety of fall than the vortex wleels 
which he has constructed* 

The peculiarity of these vortex wheels consists m tie 
arrangement of the fixed guide-blades on the outside of ft 
circular chamber, in which ia placed the revolving wheel, 
BO that the water flowing inwards strikes the curved plates 
of the revolving wheel tangentially, and leaves the whe^l ^ 
at the centre at a nnnimum velocity ; the whirlpool created 
in the wheel-chamber giving to this description of turbine 
its designation of vortex wheel. These wheels are con- 
structed by Messrs- Williamson & Brothers, of Kendil, 
%vh(>, we believej have at present erected all that m 
employed in this country. 

In addition to the horizontal wheel or turbine^ thewi 
are centrifugal pumps and water-pressure engines* The 
first and most important is by Mr. Appoldj and to tiat 
gentleman the country is indebted for many iBgemotifi 
mechanical contrivances. Messrs* Gwynne have also 
contributed to the centrifugal pumping system, and both 
show splendid specimens of their different constructioM at 
the Exhibition, This machine consists of a small wbed 
or fanner with blades j which is driven by steam power at 
a great velocity , — as many as from 800 to 1,000 revola- 
tions per minute^ at the bottom of the auction-pipe* TWfl 
wheel, revolving at great speed in a tight box, forme » 
vacuum in the suction-pipe, and thereby forcea the water 
before itj up the dlscharge-pipcB to the required elevation* 

These machines are simple and effective where the water 
has not to be raised to a great height, but they are ^ 
applicable for high liftSj and require a considerable 
amount of power to overcome the friction and pressure of 
water in the pipes. It is a question yet to be solved as 
to whether they are equal, on the score of economy, to the 
common pump. In fact^ they are the same as a scoop 
n?heel surrounded by water in a close box. 
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Those who have witnessed the imposing effect of these 
achines at work in the Exhibition cannot be otherwise 
lan stnick with the large body of water which they dis- 
large to a height of 12 or 15 feet. Without, however, 
itering into comparison as to cost or the force employed 
) raise a given quantity of water, we arrive at the con- 
Lusion that this system of raising water is well entitled 
> consideration. 

The water-pressure engine, exhibited only in models 
nd drawings, is employed for the same purpose as the 
entrifugal pump. Steam-power is not used in this case, 
►ut is obtained from the pressure of a column of water, 
^rhich, acting upon a plunger, generates a reciprocating 
nstead of rotatory motion. Engines of this description 
lave been long employed in the mining districts of this 
country and the Continent. Professor Kankin states, 
hat for the most successful application of these engines, 
18 regards eflBiciency, it is necessary that the motion of 
he water should be slow, and as far as possible without 
ihock. Three to six strokes per minute, or a velocity for 
he piston of one foot per second, is about the ordhiary 
peed. The stroke also should be long, and therefore 
the most advantageous use to which a water-pressure 
iBgine can be put is the pumping of water, to which slow 
aotion and a long stroke are well adapted, because they 
re favourable to efficiency, not only in the engine, but in 
he pump which it works.' 

Grinding^ Crushing, and Cutting Machines, — The Ex- 
ibition has been fruitful in this department of machinery, 
ome of them being exceedingly well constructed, and 
ntitled to every commendation for the high finish be- 
towed upon them. Of late years corn-mills have been 
;reatly Improved, and the system of arranging the mill- 
tones in a line along one side of the mill, and renderini^ 
he whole of the processes self-acting by an impro 

o 
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system of cleaning, brushing, and separating the gnial 
witJi elevators, Arcliiraedian screw creepers, and an 'sst\ 
proved process of wire and eilk dressing , give a degree rf 
perfection to the manufacture that could not be attaind I 
when the grinding machinary^ was less perfect, SeveMil 
small mills, cbieflj on the French system of driving tkl 
stones with belts, are exhibited^ and others mth liigl^j 
pressure horizontal engines, driving from two tofourpsi*! 
of atones^ are entitled to notice for convenient ar^anJ^^ 
ment and the superior finish of the workmanship. 

Several examples of machinery for the colonies sw ' 
e^ibited from Li\'erpool and Glasgow, and moat of te I 
are of a class calculated to meet all the requirements on 
complete trains of sugar*machinery ; as comprised in M 
steam-engine, rolls for crushing the sugar-canes, ewq 
po rating-pans, and centrifugal machines. In this desciip- \ 
tion of machinery there is no particular novelty 0*1 
improvement^ excepting only the steam-engine^ whieli rf 
late has undergone some change in rendering the ivhok 
apparatus more portable and convenient for exportatioB* 
In oil and powder mills the examples were not 8trikiai|| 
the Exhibition, if we except the grinding and compre^ 
apparatus of Messrs, Samuelson & Co-^ of Hull. TU 
firm exhibited a complete set of hydraulic pumps ana 
pipes for extracting the oil fi-om the seed inclased in 
canvas bags/ They also exhibited a pair of edge-stOB«s 
in motion, which created considerable interest as a pis* 
of attraction to visitors during the exhibition. 

The Machinery for the Majiufacture of Tej^tiie Fahricf 
comprises the largest class of ingenious machinery 9jA 
clever contrivances ever submitted to public inspectioJiJ 
and these may be divided into machinery for the ms^^ 
facture of cotton, flax, and wool, including strandijig ^ 




* For a cotnplotedfiacriptjon of Oil Mill^i mde^ Mills and Mill*«k* 
^rt ii* sflixjuii (iditioia, page 221 et neq. 
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pe machinery of every description. Our space will 
event us from noticing in detail the numerous machines 
►w in use in the different processes of manufacture, from 
e raw material to the finished article ready for the 
arket. In cotton alone we have no less than from 
?^elve to fifteen preparatory machines, in as many distinct 
recesses, before the article is converted from the cotton 
Lto cloth; and these are distinguished as machines for 
pening, blowing, carding, drawing, slubbing, roving, 
pinning, winding, warping, dressing, and weaving, ex- 
lusive of other subordinate processes. In all these ope- 
ations may be seen an automaton system of movements, 
egulated with the same precision and nicety as a time- 
iece. The amount of work done and of power expended 
tt this department of manufacture alone appears almost 
abulous, and great numbers of hands are employed, not 
& prime movers, but as ' tenters ' feeding the machines — 
inhappily no longer in daily use owing to the American 
var — for the production of this colossal manufacture, 
tfany of our readers may be unacquainted with the 
ttagnitude of this important branch of national industry ; 
>ut we may venture roughly to state that the annual 
alue of this manufacture is upwards of £70,000,000, 
nd employment is given to nearly one million of persons, 
r, with their dependencies, upwards of two millions. 
The cotton machinery is well represented in this year's 
Ixhibition by Messrs. Piatt, Hetherington, Dobson, and 
thers ; and the adaptation, style, and character of the 
lachinery are of the first order, and do the mechanical 
enius of this country great credit. All the minutiae of 
onstruction appear to be attended to, and the utmost care 
bserved, so that all the preparatory processes are per- 
)rmed by the machines, with a degree of exactitude far 
xceeding that of the human hand. Of late years a most 

o 2 



196 



ON THE MACHINERY DEPARTMENT OF 



ingenious machine lias been introduced from Alsace, 
France, as a substitute for carding. It is a corabin 
macliine, and its operations are so ex act j and ita work I 
perfect, as to enable the spinner to produce a finci 
description of yam from an inferior quality of eottosu 
This machine is available for the finer numbers of yaru, 
and is one of the most important iuYentions since tie 
days of Arkwright and Crompton, It has undergone 
gre^t improvements since its introduction into this countryj 
and is now extensively employed in the preparatory prc>- 
ceases for flax and wool, aa well as cotton. 

The power-loom combines within itself many important 
improvements in twills and figure-weaving. The re- 
volving shuttle-box J and the changes that may be effected 
in colour and form, cause a close run between it and the 
Jacquard * and many of the beautiful fabrics in cotton, 
wool, alpacas, and mixed goods, are woven by these looin% 
and tliat with a degree of despatch equivalent to nearly 
forty yards of cloth per loom per diem. To this depart- 
ment of machinery the contrihutions have been large and 
successful, and pattern looms from almost every district 
distinguished for a particular manufacture have been 
exhibited. 

The same degree of progress is observable in 
machinery as in cotton ; and the screw-gill machine 
first intrtKluced by the late Sir Peter Fairbairn 
strikingly exemplified in the Exhibition, A whole train' 
of this machinery, consisting of heckling, carding, roving* , 
and spinning, is exhibited by different makers ; and judgingl 
from the superior workmanship and adaptation of die| 
machines to the various processes^ we should infer that in| 
flax the same progressive improvement exists as in that ( 
cotton or any other description of manufacture. Ii*| 
^mm may be said of the long wool, alpaca, and mohulrj 
lufacture : but it is much to be regretted that sampler I 
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from the great works of Saltaire^ave not been exhibited. 
The Exhibition has not been well represented in shorts 
wool machinery ; but several specimens from Leeds and 
the West of England are to be seen, exhibiting improve- 
ments on the old system of manufacture. From Belgium 
there are, however, some very good machines, together 
with several ingenious contrivances for the preparatory 
process, and for the ultimate finish given to the cloth. In 
the manufacture of woollen cloth, the Belgians are not 
behind, if they are not in advance of the manufacturers 
of this country. 

Locomotive Machinery and Railway Plant — Of all 
the changes effected by steam, that of a locomotive tra- 
velling on a road of iron is the most wonderful, and this 
country has reason to be proud that it has cradled and 
nursed this Herculean machine from infancy to maturity. 
It is not the invention of one individual, but the labour 
of many; and none havQ done more for insuring its 
efficiency than the two Stephensons, father and son. Not 
that the late George Stephenson had any extraordinary 
inventive powers, but he possessed a keen sense of obser- 
vation, and an indomitable perseverance in every pursuit 
in which he was engaged ; and hence followed his great 
success as a railway engineer. It is curious to trace the 
early beginnings and history of this machine from the 
time of Trevethick and Blenkinsop (as given by Mr. 
Smiles in his interesting work, * The Lives of the 
Engineers ') to its final completion in its present high 
state of perfection. As a steam-engine, there is nothing 
new or striking in its form or construction ; its power 
and success depend almost entirely on the boiler as a 
generator and a never-failing source of supply of steam. 
To this small vessel, 11 feet long and 3 feet 10 inches 
iQ diameter, with a square fire-box at the ^ 
indebted for the almost incredible perform 
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we daily witness on ^vtry line in the kingdom. Few 
of our readers are probably acquainted with the 
simple yet effective contrivances by which this com- 
paratively small vessel exercises such enormous power 
over a dead weight of two hundred tons, which it hurb 
along on its iron course with a velocity far exceeding that 
of the swiftest race-horse. This is the work of a machine 
mounted on six wheels, and contains within itself, at t 
pressure of 1501b. per square inch, a force of 7,000 torn 
bottled up ready for use. A tithe of that force could not 
be generated in the same space but for two causes; 
namely, the large heating surface exposed to the action of 
the furnace, and the blast from the cylinders into the 
chimney. It is to the first, as the recipient of heat, and 
to the second, creating a di*aught through the furnace, 
that this enormous force is due. To the philosopher and 
engineer these principles are familiar ; but to those who 
have not examined the parts, and made themselves ac- 
quainted with the principles on which thjgy are based, 
they must ever remain an enigma. 

It will not be necessary in this place to point out and 
describe the uses of the different organisms of this very 
tractable and powerful machine ; suffice it to observe that 
in so far as regards simplicity of design, quality of 
material, and sound construction, the English engineer 
is in advance of all his competitors ; yet certainly not so 
far ahead but that he may be overtaken and distanced in 
the race, unless he maintains his position as a leader and 
trainer in the mechanical sciences and constructive art. 
It must be acknowledged, in justice to our foreign neigh- 
bours in France and Germany, that their engines are not 
only well made, but they combine several ingenious con- 
trivances for the ascent of steep gradients, and the safe 
working of tortuous lines in mountainous districts. The 
only fault that can be urged against the foreign engine is 
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the complexity of its parts, and a want of that simplicity 
of form which distinguishes the English construction. 

In the locomotive department there is nothing new to 
record, excepting that the engines and tenders, as a whole, 
are superior in power and construction to those which 
were exhibited in Hyde Park in 1851, and at Paris in 
1855. We must not, however, lose sight of Giffard's 
injector for supplying the boiler with water ; and a novel 
invention by Mr. Ramsbottom, the engineer and loco- 
motive superintendent of the London and North- Western 
Railway, for supplying the tender with water when the 
engine is running. This ingenious apparatus consists of 
a dip-pipe or scoop attached to the bottom of the tender, 
with its lower end curved forwards, and dipping into the 
water contained in an open trough, lying longitudinally 
between the rails at about the rail level, so as to scoop up 
the water and deliver it into the tender-tank while running. 
The speed in practice at which water is picked up varies 
from a minimum of twenty-two miles per hour. 

By means of this apparatus, the size and dead weight 
of tenders for running a given distance are reduced, as 
also the time required on the journey. It has been in use 
on the Holyhead line since October 1860, and since that 
time about 2,250,000 gallons have been picked up. 
Another trough has lately been laid down on the Liver- 
pool and Manchester line, and a third near Wolverton — 
the last being intended for the use of the fast trains 
which run between London and Rugby, a distance of 
eighty-two miles, without stopping. The picking- up 
apparatus was illustrated in the Exhibition by a working 
oxodel. An engine, similar to that exhibited, has run 
from Holyhead to Stafford, a distance of 131 miles, with- 
out stopping, in 144 minutes : being at the average rate . 
of 54^ miles an hour. An engine of the same class lately 
brought the mail train from Holyhead to London, a 
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distance of 264 miles^ being the greatest continaoiu nm 
ever made by one engine. The average speed was 42 
miles an hour.* 

The Machinery of Agriculture imports a new era in 
the history of mechanical science^ and in this uncertain 
and precarious climate it is a desideratum that we 
should have the means, not only of preparing tlM 
soil, but we should avail ourselves of every favouraUe 
opportunity for gathering in the crops, and housing them 
with safety in wet weather. In tracing the history of 
our agricultural improvements, it will be found that they 
originated with a few distinguished men in the Bouth- 
eastem parts of Scotland, and with the father of EngM 
farming, Arthur Young, the great breeder, and the moei 
talented of English farmers. To these men we owe the 
first movement in agricultural improvements, and firom 
their time up to the present there has been steady pro- 
gress. It would not be too much to say that the produce 
of the soil of this country has been trebled within the last 
century, and the quantity of land reclaimed from sterility, 
and the improvement of that previously cultivated, has 
been such as to excite the wonder of the past, and to 
stimulate the exertions of the present generation. Even 
as late as the beginning of the present century, although 
much had been done in draining, accompanied with the 
new system of rotation of crops, comparatively little had 
been accomplished in the shape of machinery as applied 
to the labours of the farm. The south of Scotland took 
the lead in a superior class of implements for tillage, and 
the thrashing-machine, driven by water and horses, was 
introduced about the same time by Andrew Mickle, of 
East Lothian ; but steam as a substitute for animal 
• power had never been thought of, and imtil the last ten 

* Vide * Practical Mechanics* Journal,* p. 272. 
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or fifteen years the great steam arm of science remained 
a listless agents inoperative in the hands of the agri- 
culturist. 

At the present day the very reverse is the case : as 
steam-engines, steam-ploughs, and other steam drudges of 
the farm, are not only appreciated, but they testify their 
value by their presence at the Exhibition. 

In this display we recognise one of the most imposing 
sights in the world's fair, and it is not too much to say 
that the agricultural mechanician has equally distinguished 
himself for solidity of construction, simplicity of details, 
and economy in price, with his contemporaries, the marine 
and locomotive engineers. The steam-ploughs of Fowler, 
and the engines and machinery of Ransome & Clayton, 
may challenge competition in any department of mecha- 
nical science, and the implements generally in this 
important division are exceedingly well made and ad- 
mirably designed for the purposes for which they are 
intended. 

Reaping-machines of almost every description are well 
represented at the Exhibition, and there appears to be no 
end of cultivators, grubbers, and sub-soilers, all of which 
are carefully designed and well made. In the construction 
of reaping-machines, considerable improvements have 
been from time to time effected by Smith, Bell, McCor- 
mack, and Crosskill ; but the labours of the engineer are 
of little value unless supported by the agriculturist in 
the preparation of the land, so as to render it available 
for the work of the machine. To make a reaping-machine 
work well, everything must not be left to it ; the farmer 
has his duty to perform in preparing the land as well as 
the machine, and that being carefully accomplished, the 
great problem of machine labour will soon be solved, and 
the farmer may then calculate with certainty upon 
securing his crops in the worst of seasons. In a var' 
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climate, such as that of England, where a whole harvest 
may be lost or seriously damaged unless rapidly cut and 
securely housed, the machine-reaper becomes invaluable, 
and cannot fail, when properly constructed and applied, 
to become the farmer s friend, and a great natiunal 
benefit. 

Miscellaneous Articles and Machines, — Amongst these 
is a splendid collection of tools of varied forms of con- 
struction ; such as lathes and machines for boring, planing, 
grooving, and slotting, including steam-hammers, riveting, 
punching, and wood-cutting machines of every descrip- 
tion, and are well entitled to consideration* They are 
well and ably represented by the first makers, and for 
these, as well as for the paper and letter-printing ma- 
chine makers, too much cannot be said; the ingenuity 
and skill with which these valuable and important ma- 
chines have been produced surpass all description. 

If we examine the state of society as it now exists, in 
comparison with what it was nearly a century ago, and 
observe the amount of work then done by manual labour 
without the assistance of machinery and the steam- 
engine, it will be found that the labour of one individual 
in those days was not more than one hundredth part of 
what it is at present ; and this immense increase of work 
does not arise from any increase in the muscular strength 
of man, but from his having called to his aid that all- 
powerful and never-failing agent, steam, and the beautiful 
organisms to which its power is applied. 

We might instance innumerable examples by which the 
ingenuity of man has, by appliances and the adaptation 
of miicliinery, turned to account the natural products of 
i\\i\ (^jirtli to supply his wants, and contribute to the social 
comforts of his existence. In the manufacture of cotton, 
one man will spin one thousand times more yarn than 
could have been done before the introduction of the steam- 
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engine and machinery ; and in the manufacture of iron, 
the work of one individual with the aid of the rolling- 
mill is increased nearly in the same proportion. Other 
manufacturing processes have undergone the same bene- 
ficial changes, and we have reason to hope, from the 
exertions of an intelligent and well-conducted population, 
that the advantages thus gained will be preserved and 
increased throughout future generations. 

Having thus glanced, however imperfectly, at some of 
the leading objects in the machinery department of the 
great International Exhibition recently closed, we may 
safely state in conclusion that more splendid and more 
instructive examples of the useful arts were never at any 
previous time brought under the inspection of the public. 
There is no department of practical science which has 
remained unrepresented, and the student, mechanic, or 
engineer, had only to read in his own department of study 
the great page of nature and art which, at this Exhibition, 
was laid open for his perusal. It is a great privilege for the 
present generation to have had before their eyes the finest 
specimens of the manufacturing machines in operation 
in their day, and in the construction of which it is their 
ambition to excel. This is an advantage of which few 
countries can boast, and it is of a character that will leave 
its impress upon the public mind, and will raise the 
thinking and industrial portion of the community of this 
and of all other nations much higher in the scale of 
civilisation. 
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IV. 

ON THE CONSTRUCTION OF IRON ROOFS. 

Iron roofs date from a comparatively reccBt period, but 
the extended use of rolled iron has given a wonderful 
impetus to its application in the construction of roofs. 
Some few, indeed, were made \)f iron before the close of 
the last century ; its uses, however, were very limited 
previously to its introduction into this city in the year 
1804. During the rapid extension of the cotton manu- 
facture, most of the fire-proof mills were covered with 
iron roofs of the form represented in fig. 16, and this 
description of roof, with its series of interior arches, was 
found very convenient, as it gave a spacious room in the 
attic story, as shown at A, fig. 16, for machinery or other 
purposes. Perhaps the only drawback to its employment 
was the expense, which amounted to nearly the same cost 
as an additional story. 

Another foi*m of roof was introduced by Messrs. Fair- 
bairn & Lillie, in 1827, and has been very generally 
adopted since that time for large buildings, railway 
stations, and other structures where the span does not 
exceed 50 feet. It is a simple and effective structure, 
composed of trussed cast-iron principals, with iron rods, 
on which the slates are laid and fixed with iron nails or 
pegs. Of recent years, and since the introduction of 
railways, the cast iron has given place to wrought iron of 
the angle and T iron forms ; and, considering the facility 
with which this material can be obtained from the rolls, 
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it is probably one of the simplest and most effective roofs 
that can be made. These are generally adopted for the 
principals from three to four feet asunder, covered with 



Fig. 16. 




thick boarding fixed to the X ^^^ ^^ shown at A, fig. 17, 
or what is more convenient is to have two angle-irons 



Fig. 17. 




with a piece of wood bolted between them, as shown at B, 
and to which the boards are nailed. 

Fig. 18 represents a roof of this kind, a, a forming the 
principal, and c, c the tie rods attached to cast-iron 
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which rest upon the walls on each side^ and umtmg to the 
rods e^ e at the struts by b, which rods terminate in a 
similar cast-iron box prepared for their reception ati. 
From this arrangement it will be seen that the com- 
bination of the tie rods and the struts render the structoie 
stable as regards retaining the rafters from bending, whilst 
the tie rod d resists the tendency when loaded to thrust 
out the walls and keeps the principal in form. 

Fio. 18. 




Roofs of wider span are of greater complexity, and 
require to be carefully constructed in order to give the 
necessary rigidity and retentiveness of form. Every 
pair of principals composing such structures should be 
self-suj)porting, that is, should have sufficient stiffness 
within itself to sustain a load of 40 lbs. per square foot, 
without yielding to pressure, or causing any thrust upon 
the side walls of the building. I have always found this 
test allows a safe margin, and, if the construction is new, 
in order to be on the safe side, one or two pairs of prin- 
cipals should be tested up to that standard. It maybe 
necessary to give a few examples in illustration of the 
principles on which roofs of this kind are constructed, and 
also to explain by reference to drawings the general 
features of these light, graceful, and airy structures. 
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Fig. 19 is a section of one of the largest spans of the 
^ew Smithfield Market, Manchester. The space covered 
)j this roof is 440 feet long by 244 feet wide. It is com- 
)Osed principally of wrought iron, and consists of two 
central spans of fifty feet each. The whole is supported by 
jast-iron gutter girders b, b, of an average length of 




13 feet each, resting on columns about 25 feet high. At 
he apex a of each roof is a skylight 15 feet wide on each 
lide of the ridge running the whole length of the market, 
ind supported on louvre framing, by which ample venti- 
ation is secured. The total area of glass is upwards of 
50,000 square feet. 

Fig. 20. 




Fig. 20 represents a system of trussing very generally 
adopted, and roofs so constructed are known by th*' 
of king and queen post-roofs. The number of m 
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trusses to support the rafter varies according to the span ; 
and, in the present case, it is supported by four of these, 
which, according to Mr. Birckel, are A A, Cj, A A, Cj, aAj Cp 
A A^c^, and the stresses must be determined for each sepa- 
rately. Here the distribution of the load is as follows :— 
^ of the weight on the rafter, or -^w^ rests directly on each 
of the points Cp Cjj C3, C^, and -^w at A and at c; but 
by means of the vertical ties connecting the trusses | the 
weight at Ci is transmitted to c^ ; f of the load at Cj is trans- 
mitted to C3 ; ^ of the load at C3 to C4, and |- of that at C4 
to c ; so that, finally, we have at Cj -^w ; at c^ ^^w ; at C, 
^w ; at C4 ^w and at c |w. If the rise of the roof be 
made to represent ^w, d c = h will represent the pull on 
the tie rod, and A c = R the thrust on the rafter as due to 
the primary truss. To determine the stress upon the 
component parts of each secondary truss ; from the point 
Ci let us draw the line CjD parallel to the strut C^A^; 
CjD, parallel to C3A3; CiDg parallel to C^Aj, and C,D, 
parallel to Cj Aj. These lines will respectively represent 
the thrusts upon the struts to which they are parallel: 
DE = Hj represents the pull on the tie rod, and aCi=B| 
the thrust upon the rafter, as due to each secondary truss. 
It is worth noticing here that, in this system of trussing, 
the two latter stresses remain constant for each secondary 
truss. Cj E3, c, Eg, Ci Ej, respectively, represent the pull 
on the vertical ties Aj Cg, A^ Cg, A3 c^ ; and Cj e represents 
one-half the pull on the king post A^c, the pull here 
being double that shown by the diagram of forces, be- 
cause the resultant stress from the corresponding truss on 
the other rafter is also thrown upon this rod. The re- 
sultant stresses, therefore, are as follows : — 

PULL ON THE TIE BOD. 

Between A3 A4 = H + H 
Aa A3 = H + 2H 
Aj Aa = H + 3 H 
A Ai « H -f 4 Hi 
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THBIT8T ON THE BAJTEB. 

Between C C^ =* R 
^, C3 C* = R + El 

Ca Ca = R + 2 Ri 
„ Ci Ca = R + 3 Ri 
„ A Ci = R + 4 Ri 

^nd the maximum strains are, for the pull on the tie 
K:od^ represented by -^ its own length, and for the thrust 
on the rafter by ^ its own length ; but if the number of 
Becondary trusses on each rafter were reduced to three, 
"tihe maximum stresses would be as follows: viz., the 
-thrust on the rafter represented by ^ its own length, 
smd the pull on the tie rod by ^ its own length. 

These strains are, however, made much more apparent 
ly the following tables, which have been calculated for 
practical purposes, and- which give the strain in lbs. on 
«very part of a roof constructed on the principle shown 
in fig. 20. The strains, it will be observed, are com- 
puted for roofs varying in span from 20 to 100 feet. 



TABLE I. 

Table of Strains on King and Queen post Roofs with Horizontal lie Beams, 
calculated for one foot width between the principal trusses ; the total load 
being taken at 40 lbs. per square foot. Angle of Roofs , 26*^ 35'. Ten bays 
being forTned by intersection of struts and ties. 
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In uBijig this tablcj the tabular DumberB giving lift 
strains are to be multiplied by the distance between tie 
trusses In feet for the strain on any given roof^ Thua, if 
the trusses are 10 feet apai-t, the actual strmns will be 
ten times those given in the table* and for other distances 
in proportion. 

The same method of calculation applies to similaT roofe 
of six haysj and the same relation to the strains will have 
to be observed in multiplying by the distance between the 
trusses as before. 

TABLE XL 

Table ofStrah^i on Eoofs sijntlar to ihe lasi^ mth h>rieonfal Tie Btaat, 
hut'vriih on^y sbc liap^ f&nned fry inters^ctmn &/ sirute and titt. 8tmM 
mlctdattd for one fool dtJitance hclwecn the trusses. Angle of roofs 26° 35^- 
Total ioftd, 40 ibs. per square fouL 
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In this system of trussing, the tie rod is generally 
raised out of the horizontal line, as shown by fig. 21, aod 
tlie diagram of forces, which, it may be well to state, 
holds f^ood for any number of secondary trusses, undergoes 
a nlio'lit modification. In this case CD is to be drawn 



l)arallel to 



AA4, and 



AD = c A4 is to stand for ^w; CD 



then will represent the pull on the tie rod, A c the thrust 
on the rafter, and 2 DD^ the pull on the king post, arising 
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from the primary truss. The stresses due to the secondary 
trusses^ as also the resultant stresses^ will now be deter- 
mined as previously, care being taken not to omit the 
quantity 2 D D^ in computing the pull on the king post. 

Fig. 21. 




Fig. 22 is a roof and shed for the Russian Admiralty, 
and was, in the first instance, designed with an intended 
dpace of 10 feet between the principals. At the express 
desire of the Russian officials, however, this distance was 
increased to 20 feet, although by so doing the weight 
of the structure has been somewhat increased also. The 
whole width of the space roofed over is 72 feet, but the 
actual span of the principal is only 52 feet, there being 
a space of 10 feet on each side, covered with a lean-to 
roof glazed in the whole of its length, and so placed as to 
be continuous with the main rafter. This arrangement 
has been adopted in imitation of some of the sheds at 
Chatham Dockyard, for convenience of carrying a line of 
shafting on the main standard. The roof is very high 
pitched, being at an angle of 45**, on account of the heavy 
falls of snow experienced in the Russian climate ; a louvre 
roof at a smaller angle of 30° spans about one-fourth the 
whole roof, the vertical sides of which are glazed to admit 
the light into the centre of the building ; and in orf* 

P 2 
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prevent any great accumulation of snow upon it, a anaD 
platform has been provided upon the ridge to admit of a 




man walking along and pushing the snow down when that 
is required. The whole of the shed, with the exception of 
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J glazed portions, is covered and enclosed with corrugated 
Lvanised iron No. 20 w Q. This circumstance has 
a,bled the constructors of the roof, without incurring 
J additional expense, to place the purlins immediately 
er the centres of resistance of the trussing, and thus 
3 rafters are reUeved from all bending stress. The 
rust upon them is 2b\ tons, to resist which we have an 
3a of 4^ square inches, causing a stress of 5| tons on 
3 square inch. The main tie rods and braces are made 
flat bar iron for the sake of cheapness and expedition 

the execution of the work ; the lower ties are made 
two bars 3^ x ^ in., and, deductions being made in 
3 area for bolt holes, sustain a stress of 8^ tons to the 
iiare inch ; the braces are made of a single bar 3| x 
in., and sustain the same amount of stress ; the main 
rtion of the raised tie sustains only a stress of 4^ tons 

the square inch, and might have been made a little 
hter, but for the sake of appearance. Fig. 23 is an 
larged elevation andcross section of thecast-iron brackets 



Fig. 23. 





fl, fig. 22. Fig. 24 represents the trussed purlin A, a 
5tion and cross section of the outlet-pipe ^, fig. 22, and 
the beams e e, E, fig. 25, is an enlarged view of the 
rtion g of the roof, fig. 22, showing the method of con- 
ction. The plan of the joints A, A, is shown at A, of t^'* 
nts iih ^t ^> of the joints £, A, at C. A cross 8€ 
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of the strut l,ia shown at D. The glass here, as in boom 
of the preyioos examples, is carried by T iron sasli to 
placed at distances of 12 indies, with the exceptioa < 

Figs. 24. 




/ 



h- 1 H 




the glazed portions of the louvre roof and of the g 
end, where the sashes are made of wood. The pui 
are of T iron, excepting in those places where they ci 
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'^shes, being there made of channel iron. Owing to 
great span between the principals, they are trussed, 
might with safety have been a little lighter. 
^ an example of the construction of the roofs of 
ving sheds we may instance that of Titus Salt's, of 
aire. This shed is divided into parallelograms of 
feet in one direction and 18 feet in the other. At 

Fro. 26. 




angles of each division cast-iron columns are fixed, 
;h support thirteen lines of cast-iron gutters marked 
fig. 26, and these are cast of dimensions calculated to 
. entablatures for the columns, and supports for the 
ption of the roofs which extend from east to west, 
le same direction, as also the glass divisions in every 
partment which face the north, and give nearly at 
imes of the day a steady uniformity of light. The 
Ding-shed is of similar construction, but with this 
ption that it is divided into squares of 18 feet, and 
lorted by columns, &c., in the same manner as the 
dng shed.* 
ee ' Application of Iron to Building Purposes/ 4ih edTt.^ p. 
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The roofs of powdermills differ essentially from those 
already described. In the construction of powdermilh 
it is a question of much importance to have the grindiiig 
and other processes separate from each other^ as in the 
event of explosions in any one department it should Bofc 
communicate to the others. This precaution has been 
considered essential in every well-regulated powdemriD, 
and to attain that object^ most establishments have their 
mills at 100 to 150 yards distant from each other. When 
this arrangement is found inconvenient^ and the mills hate 
to be nearer together, they are then separated by butts or 
mounds of earth, at a considerable height, and tapering to 
the top like the roof of a house. The more recent erections 
are, however, different since the introduction of the cast^ 
iron runners, as will be seen in the arrangement, on re- 
ferring to * Mills and Millwork,' vol. ii. page 247. 

In illustration of circular iron roofs, I have selected 
amongst others that over the Lime Street Station, Liver- 
pool, constructed by Mr. Richard Turner, of the Hamme^ 
smith Iron Works, Dublin. Its extreme length is 374 feet, 
and breadth 153 feet 6 inches. This roof, fig. 27, consists 
of a series of segmental principals or girders, fixed at in- 
tervals of 21 feet 6 inches from cfentre to centre. The 
principals are trussed vertically by radiating struts, made 
to act by straining the tie rods and diagonal braces ; they 
are trussed laterally by purlins, placed over the radiating 
struts and intermediately between them ; also by diagonal 
bracing, extending from the bottom of the radiating struts 
to the top of the corresponding ones in the adjoining 
principals. 

Each principal is composed of a wrought-iron deck 
])eam, nine inches in depth, with a plate 10 inches wide 
and ^ inch thick riveted upon the top. The curved rib 
is formed of seven pieces, connected with each other at 
the points where the radiating struts are attached by 
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means of plates riveted on both sides. There are six 
radiating struts in each rib, varying in length fipom six to 
twelve feet; they are seven inches in depth, and are 
attached to the tie rods by wrought-iron link plates. 
The sectional area of the tie rods is 6^ inches. 

The diagonal braces hold the struts tight up against 
the principals, and assist the tie rods in giving the re- 
quired rigidity to the principals ; they are formed of round 
bar iron 1^ inches in diameter. The ends or feet of tie 
principals are fixed in chairs of cast iron ; those on one 
side resting upon a solid plate, and the others upon rollers, 
which have the power of traversing a space of three inches; 
also upon a metal plate, so as to admit of any contraction 
or expansion of the rib, though up to the present time no 
motion has been observed. The roof is covered with 
galvanised corrugated wrought-iron plates, and with rough 
plate glass. 

The cost of this roof was 15,000/., and the time occu- 
pied in its erection was about ten months. 

The superiority of a roof of this kind over the ordinary 
slated roofs in small spans is at once evident ; not only m 
the space occupied by, and the intermediate colunms or 
supports saved — thereby removing #vrery objection to the 
use of sidings — but a large open space and clear venti- 
lation is afforded for the convenience of passengers and 
traflSc. Besides, the iron roof is much more durable, and 
is not subject to decay to the same extent as those com- 
posed of wood. 

It will be seen, by reference to fig. 27, that the depth 
of the girder diminishes from the centre in the direction 
of the supports, until the compression and tension flanges 
meet at each of the extremities. Mr. Birckel observes, 
' that but for this latter feature in its construction it 
would be like an ordinary lattice girder, with vertical 
struts and ties sloping from the bottom of one strut to 
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"iiie top of the following ones in the direction of the 

srupports ; the fact of the two flanges meeting, however, 

miters the case materially, inasmuch as it compels the 

last sloping rod or tie, as Mr. Turner would have it, 

"to fall upon the compression flange itself for its support ; 

mnd when we remember that the strains upon those ties 

accumulate from the centre of the girder where they 

are smallest towards the ends where they reach their 

maximum, if we construct the diagrams of stresses on 



Fio. 28. 




this hypothesis, as illustrated by fig. 28, and on the 
assumed load of 40 lbs. per square foot, we find that 
the last sloping rod, if it acts as a tie, exerts a com- 
ponent transverse strain upon the rafter or compression 
flange equal to about 35 tons at a distance of 11 feet 
from the wall or column. As the actual direction of that 
supposed pull is from the wall or columns, and as the 
principal rests only loosely upon them, we do not see on 
what principle of dynamics or of statics it is not pulled 
away from its supports, and precipitated into the area 
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below, for hitherto we have been taught, and we 
believed, that, wherever there is a pressure not bakncAe V 
there must be motion in the direction of that pressiab^ 
and in the case under consideration, if there is a pi ^i 
upon the said sloping rod, it cannot be neutralised bytt. *^ 
reaction of the wall, for the rafter is the only me 
which could connect it with the wall. It is not supp 
to be neutralised by the tension flange or tie rod, 
this could only be effected by a compression strain on I 
tie rod ; and to suppose this would be looked upon 
the designer of the roof himself as an absurdity, 
only resistance which we can perceive is that offered 
the rafter and tie rod to bending and doubling up in 1 
centre : a resistance which, considering their dimen 
would be of little avail against a component horizonti 
pull of some 160 tons, with a leverage of 20 feet; 
supposed pull, therefore, could only bring about a dy-^ 
namical equilibrium, the effect of which must be to bring | 
down the roof. 

* We think, however, that it will not be difficult to prove ' 
that those supposed sloping ties do not act as ties at all, 
but act as struts ; and that the supposed radiating struts 
act as ties. To effect this, we will, for an instant, suppose 
the principal to be without any weight of its own, and 
free from all external load ; in fact, we will suppose it a 
linear structure capable of resisting any pressure we may 
choose to apply. At the point Cj, &c., fig. 27 or 28, we 
will now apply certain pressures, which, to simplify the 
case, we will suppose to be normal to the curve of the 
rafter, and of equal intensity on both sides. It is evident 
that these pressures will produce compression on the 
portion A Ci of the rafter, and on the sloping rods Aj €,, 
which compression strains are balanced by a tension strain 
on the parts A Aj of the tie rod ; the radial components of 
the strains on Aj Cj are carried by means of the rods A, C| 
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de points Cj, where they produce results similar to 
produced by the pressures at Cp namely, compression 
lie part A Cj of the rafter, and on the rods Cg Aj, which 
again balanced by a tension strain on the portions 
of the tie rod. Similar strains are produced upon 
successive trusses until the summit of the roof is 
ched, the several strains accumulating progressively 
the rafter and the tie rods as we approach the ex- 
ilities of the principal. If now we apply certain 
jlessures at each of the centres of resistance Cg, C3, C4, 
Kse respectively will add themselves to the pressures 
Iftnsmitted from each preceding centre of resistance to 
be radial rods by means of the sloping rods, and the 
grstem of trussing thus naturally reduces itself into a 
eries of radial or quasi-xerticsil ties connected by means 
rf sloping struts, or king and queen post system of 
amssing. 

* To the analysis which led to the above conclusion, and 
'JO the objection which no doubt will be raised by the more 
mperficial enquirer, that, if the ties of the Lime Street 
roofs are struts in reality, the roof could not have stood 
the test of time, we shall give the ready answer, that the 
Bwt of the roof having stood this test only proves that, up 
to the present time, those struts have been able to do their 
iFork of resistance, and that the rafter itself, being a 
Jtrong beam, required little trussing to enable it to do its 
work. Indeed, if we construct the diagram of stresses, 
IS illustrated by fig. 29, on the hypothesis of the principal 
being a polygonal frame trussed on the system of the 
ting post roof, with an assimied load of 40 lbs. per square 
Toot, we find that the stress upon the rafter is a little more 
than 4 tons per square inch at the foot, and about 8 tons 
in the centre of the bay C3C4; the maximum stress 
m the sloping struts is 6^ tons, and that on the main tie 
cods about 9^ tons per square inch, which figures are a 
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clear proof of the correctness of the remarks we ha 
just made. This roof, therefore, if modified in 1 
manner we have suggested, will at all times be an elegi 
example to imitate ; and though we have referred to it 



Fig. 29. 




a theoretical blunder (a blunder which will be rea 
excused when it is remembered that at the time of 
construction the theory of structures had not been i 
dered so easily accessible as it is now, with the hel 
such works as those of Kankine & Moseley), yet it ii 
example of iron roof construction well worthy of rec< 
ing, because it represents a great stride in advanci 
what had previously been effected in roof construct 
and must be looked upon as a bold and practically i 
cessful conception. 

* Mr. Fairbaim, who was one of the parties consu 
about the practicability of Mr. Turner's desio-n, 
whose opinion at the time was in favour of it, seen 
have given the subject on which we are engaged his e 
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attention^ and, with his habitual sagacity, appears to have 
arrived at a correct comprehension of it ; for in 1857 he 
caused the boiler-yard now belonging to The Fairb^aim 
Engineering Company (Limited) to be covered in with 

Fio. 30. t 




an arched roof, illustrated by fig. 30, consisting of two 
spans of 50 feet, with principals trussed on the system 
according to which, in the roofs previously analysed, we 
have demonstrated the reactions described to take place. 

* If now we construct the diagram of stresses, fig. 31, 
with a due regard to this particular feature of the problem, 
that the stress upon any portion of the polygon is repre- 
sented, both in the primary and secondary trusses, by a 
line drawn parallel to that portion of the polygon, from 
the point of intersection of the extreme lines closing the 
diagram of the particular truss of which that portion of 
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krched principal correctly, for it might be trussed 
)retical propriety according to fig. 32 — a form 
eculiar to iron constructions — but we think the 



Fio. 32. 




system has a claim to preference, because, on 
Land, it seems to us the more elegant of the two, 
use, also, the thrust on the upper portion of the 
J we have seen, is considerably less with this 
han the other, a circumstance which here is of 
Dortance, because the almost horizontal position 
)ortion of the rafter causes the bending stress to 
erably larger for the same vertical load than it is 
)t of the rafter. 

roof trussed as shown in fig. 32, the stresses sus- 
Y the component parts of each individual truss 
determined as if the truss was an independent 
: and to be able to do that we must see how 

is distributed upon the points A, Cj, Cg, C3 c, 
ill be arrived at in the following manner: -|w 
aally distributed on each rafter, the load directly 
i at the points Cp Cg, C3 is ^w, and the load at 
nt A and B is -jV^; but the minor secondary 
through their tension rods, exert a pressure of 
he point Cj, and of -^w at each of the pr 
Q 
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A and B ; the major secondary truss exerts a jHressure of 
^w at each of the points A and B also, so that the fiul 
distribution of the load is^ at c^ -^^w, at each of the pobdi 
A, B, and Cj ^w, and at the points C3 ^w. 

* Let A D again represent -J^w, then DC = H will represeni 
the stress on the horizontal rod arising from the primaij 
truss; J) 2 ^i=^i ^^^ stress on the ties of the nuyor 
secondary truss, and D^ Ci = Hp the stress on the tie rod* 
of the minor secondary trusses. The thrust on the rafter 
arising from the primary truss is represented by its own 
length ac = r; that on the lower half of the rafter due 
to the major secondary truss is represented by ac,=b,; 
and on the upper half by ECg=R2, the difference here 
arising from the component along the rafter of the weight 
applied at the points Cj ; the stress on the lower half of 
each portion of the rafter forming part of the minor se- 
condary trusses and arising from the same is ac,=b,, 
and on the upper halves Cj E j rsR^. The resultant stresses 
on the various parts of the frames therefore will be 

^ Pull on the horizontal Tie Kod 

Between a Aj = H -f H, -f H, 

Aj A2 = Hi-f H3 
Ag Aj^H 

^ Thrust on the rafters 

Between aCj = r + Rj -f Rs 

Ci C2 = R + Ri + R^ 
C2 Cj ^ R + Rq -7- Rg 
C3 C =R + R, + R4 

^ The thrust on the struts Cj Ag is represented by DE, 
and that on the struts c^ Aj and C3 A, by D, Ej. 

' As the rafters are generally of uniform strength througb- 
out their length, it will be sufficient to define the maximum 
thrust upon them, and it will be sufficient also to define 
the minimum and the maximum pull on the tie rod, 
and the maximum pull on the braces. A careful inves- 
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- ligation of the diagram will show that in the case of a 
principal, trussed in the manner illustrated by fig. 32, if 
the rise of the roof be made to represent one-fourth the 
load on one principal, the maximum thrust on the rafter 
is represented by i its own length ; the minimum pull on 
the tie rod hj\; and the maximum pull by ^ its own 
length ; the maximum pull on the braces is represented 
by 1^ the length of the tie rod. Should the minor secon- 
dary trusses be left out, the maximum thrust on the 
rafter will be represented by ^- its own length ; the maxi- 
mum pull on the tie rod by f its own length ; and the 
maximum pull on the braces by i the length of the 
tie rod.* 

* As an illnstiation of the application of the foregoing, Mr. Birckel 
gives the following example: To determine the stresses on the various 
parts of a roof supposed to have a span of 50 feet, with a rise of 10 feet, the 
principal being 15 feet apart, and trussed according to the method shown in 
fig. 32. If we assume the load to be 40 lbs. per square foot, we shall have 
^W'=3-6 tons, and each lineal foot will represent a pressure of 0*36 ton. 
The minimum pull on the tie rod will be 

H = 0-36 ton + ^= 9 tons. 

The maximum pull : — 

H + Ha + Hi = 0-36 ton x 50 x | « 15| tons. 

The maximum pull on the braces : — 

Hg + Hi « 0-36 ton X 50 X f « 6f tons. 

And the puU on the ties of the minor trusses : — 

Hi = 0-36 ton X 50 X I = 2J tons, 

which, for a unit stress of 5 tons per square inch of section, would give the 

following scantlings : — 

For the middle portion of the tie rod : — 

f «= I'S square ins. « 1| inch diam. rod. 
For the ends : — 



For the braces : — 



^l5^ - 8-15 sq. ins. «= 2 inch rod. 



-1- as 1'35 sq. ins. = 1^ inch rod. 
Q2 
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< Verv often, however, the tie rod is nused abore tk 
horizontal, and then the diagram of farces 
somewhat altered shape. Fig. 33 is an illustnlioB of 
this case, and the distributi<m of the load being as ft 

And for the small ties : — 

— « 0-45 sq. in. » f inch rod. 

The length of the niter is 27 £eet, and the maximnm thrast npon it li 
be:— 

B -I- Bi + R, = 0-36 ton X 25 X I » 17 

which, for a load of 5ton8 to the square inch, woold give anaicaof 3|sq[aR 
inches. Here, howerer, we must remember that the rafter is not oilf t 
stmt but that it is also a beam subject to deflection by a bending mflMiti 
whose Talne, in the present instance, is 

M » ^ X 7-2 tons x 25 feet x 12 inches, 

where the factor ^ arises from the het of the rafter beingaoontinnoosbeiB 
supported on three points, and whose ends cannot take any defleetioo. 
Under these circumstances the rafter should be made subject to the eondi* 
tion expressed by the following formula : — 

where S stands for the unit strain, A the transverse area of the rafter, Itb 
moment of inertia of the cross section, and d^ the distance of the fibn 
farthest removed from the centre of gravity of that transverse section. Not 
rafters are generally made of two angle irons, bolted together back to bed[, 
or of T iron, and for either of these sections we can write, with sufficient 
accuracy for all practical purposes, 

d 4-0 ' 

where d stands for the whole depth of the L or T iroi^* 

For the case under consideration, therefore, formula (1) would read thus'— 

S — 5 tons = ^^ ^^^ + ^^ ^^^ ^ ^^ ^^^ X 12 in. X 4*5 ,a\ 
~A~ 64Arf ' ^' 

and assuming d at 5i inches, would give for the value of A : — 

. 17 , 7*2 tons X 25 feet x 12 inches x 4*5 o, . , 

A - -+ — _ = 8| sq. mches, 

6 64 X 5 x o"5 

equivalent to two angle irons bolted back to back, each 5 J ins. x 2| ins. x ^i^. 
tor a T iron, 4| x 6i x |. 
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isly, if from the point C we draw CD parallel to A A^, 
. will stand for -J^ w ; CD will represent the pull on the 
AAg ; CD^ — which is horizontal — will represent the 
1 on the tie A, A^ ; dd^, parallel to the brace C Ag, 
1 represent the pull on the same^ and a c the thrust on 
rafter ; all these being due to the primary truss only. 



Fig. 33. 



V ^^■—■^^^^^^''x^^ 


\^. 


*" 3^^^--v^^ — ' 


Ar-'-.^:^^:;;^^^^^^^ 




J 




, 



e stresses arising from the secondary trusses will be 
ermined as previously, by drawing Cg d^ andc^ D^ 
allel to AAg; and de, d^ e^, perpendicular to the 
ber. The resultant stresses are to be computed as 
ore, care being taken not to omit the additional stress 
^ on the braces.' 

Che following table of strains on the component parts of 
fs similar to that shown at fig. 32, and of spans vary- 

from 20 to 100 feet, have been calculated for prac- 
tl purposes. In using this table it is to be remembered 
t the strains on corresponding parts of the primary, 
ondary, and tertiary trusses are the same, and where 

strains from two or more trusses come upon the same 
mber, the resultant strain is the sum of the strains 
J to the separate trusses. If the distance between the 
sses is ten feet, the strains will be ten times as great 
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aa those given in the table and similarly for othef 
proportiODS. 

TABLE in. 

StBAINB ON COVFONl^TS OF fiOOFa SIMILAR TO IIQ. 32, FOR EACH ^UffT 
DlflTAKOB JJKTWKEIT TRUSSES. THE TOtAL LOAD EEINO ^i^SMK AT 40 US- 
FKB WtUiJim FOOT. ANOUO OT BOOF 26^ 3^'. 



10 
15 

20 
25 

30 
40 
60 



11 2 
167 
224 
280 
a3'4 
44-8 
5G0 



!l 



75 
lO- 
125 
15- 
20- 
3G' 



I 



S96 
1336 
1792 
2240 
2672 
3584 
i480 



448 
672 

Bm 

112(1 
1344 
1702 
2240 



786 
1177 
1570 
1960 
2355 
3140 
3925 



TUruKfiaD 
rofter 



732 
1098 
1464 
183t) 
2196 
2928 
3660 



8K2 
1323 
1764 
2205 
2646 
3528 
4410 



'J 






202 
303 
404 
505 
605 
808 
1610 



101 
Ul 
202 
253 
303 
404 
505 



*" 


^ 


t< 


O 


u^ 


t 


l4 


1 


224 


336' 


336 


504 


448 


672 


660 


840 


672 


1608 


896 


1344 


1120 


1680 



mi 
m 
m 

4a' 



It will be noticed that in roofs of this description the 
strains are calculated on the same principle as those in 
Tables T. and II. 
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PART II. 

CONSTRUCTION OF IRON ROOFS — continued. 

Circular Roofs. 

Another form of roof in which the principle of the 
arch is substituted for that of the truss, has recently been 
adopted with signal success. It is chiefly applied in cases 
where wide spans are required, such as railway stations, 
public markets, &c., where the intervention of columns 
is objectionable. It is, however, not so well adapted for 
the top of lofty buildings, where no provision can be 
made for any great amount of horizontal thrust. Where 
this is required the arch should in all cases be semicircular, 
and the peculiar properties of iron offer the greatest 
facilities for construction, which can be obtained by giving 
the ribs a depth sufficient to bring into play the forces of 
tension and compression on the principle of the girder. 

Roofs of this description have been introduced at the 
Crystal Palace, Sydenham, in place of the laminated 
wooden arched ribs of the transept of the Great Exhi- 
bition of 1851. At Sydenham the arched roofs are 120 
feet high, and 72 feet span, consisting of principals rest- 
ing on double columns alternately 24 and 72 feet apart. 

These principals are semicircular lattice girders of a 
uniform depth of 8 feet, having an inner and outer flange 
with the usual diagonal and radial struts and ties. At 
the Paris Exposition similar roofs were employed, the 
larger arch having a span of 157 feet in the clear, flanked 
by two parallel roofs each of 74 feet span. The iron 
principals or curved ribs, 26 feet apart, consisted of two 
consecutive arcs, 6^ feet asunder, forming top and bottom 
flanges, constructed of angle and plate-iron riveted to- 
gether, as shown in fig. 34. These inner and outer arches 
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connected at distances of 8 or 9 feet by radial struts 
crossed diagonals formed of T iron bolted back to 
: thus^ + all the junctions being made with rectan- 
X lap plates. The principals are connected together 
istances of 9 feet by wrought-iron purlins crossing 
principals at planes radial to the curves add con- 
ed to them by quadrant pieces which, taken altogether, 
luces a light airy effect. 

he main arched roof of the Dublin Exhibition Palace 
Winter Garden, of which fig. 35 is a cross section, 
fig. 36 a sectional elevation, is a very neat roof of this 
;ription. It is thus described by Mr. Carl Wessely, 
L paper read before the Society of Engineers. The 
ine of the arched rib principal is semicircular, the 
us of the intrados being 20 feet 6^ inches, and the 
ados 28 feet 1^ inches. The rib is thus at its crown 
ot 6 inches, and at its springing 2 feet 8 inches deep, 
onsists of a bottom and top flange, each of 2 L irons, 
in. X 2^ in. X 1^ in. throughout its length, connected 
ither by diagonal bars. The four diagonals next to 
crown of the rib are 2^ in. x -^in., the next three are 
n. X i in., then follow three of 3 in. x ^ in., and the 
three are 3^ in. x -jSg- in., the rivets for connecting the 
jonals to the flanges being ^, i, and 1 inch in diameter, 
>rding to the strength of the diagonals. At their 
rsections the diagonals are connected by ^inch rivets, 
iach point where the dimensions of the diagonals vary, 
purlins are fixed. There are, therefore, three purlins 
ach side, exclusive of the ridge purlin at the top. The 
ins are of cast-iron, and their construction is well 
)ted for securing water-tight joints, where the cover- 
is fixed to them. They are cast in lengths of 16 feet 
nches, 9f inches in height, and ^ inch thick, the bottom 
^e being | inch thick. The web of the purlins is 
imentally perforated, the perforations being glazed^ 
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the joints of the purlins chipped. For connecting the 
in firmly to the rib, and to give it a certain amount 
kteral stifihess, two omamental brackets are fixed by- 
bolts, 1 inch diameter, to the rib, so that one end 
sars to support the purlin to which it is well bolted. 



Fio. 36. 

CROSS SBCTIOX. 




the part fixed to the rib being half an inch in thick- 
acts as a stiff strut. 

nder each of these brackets of |-inch metal, an 
mental finial is fixed to the soffit of the rib, on which 
\. X ^-in. board is fastened to cover the open space . 
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between L irons. The two upper bolts of those connect- 
ing brackets to ribs serve for fixing the wind ties, the 
ends of which are flattened down in the usual way, and 
have right and left-hand screws for adjustment. 

In addition to the Dublin Exhibition roof, Mr. Carl 
Wessely selected the arched roof over the Derby Market, 
figs. 37 and 38, for illustration. It is 86 feet 6 inches 
span, of the semicircular form, and the principals consist 
of wrought-iron arched ribs, the inner and outer curves 
being true circles struck from the same centre, with 
radii of 43 feet 9 inches, and 41 feet 5 inches respectively, 
the springing of ribs being 7 feet 6 inches above centre. 
The height of rib at crown is 62 feet 10 inches above 
the floor level. The wrought-iron rib is of the same 
depth throughout, and consists of -j^inch web, and top 
and bottom flanges, each of two L irons 3|^ x 3-J- x -/^ in. 

At every alternate supporting place of the purlins the 
web is joined by means of a joint plate 1 foot 9 in. x lOJ 
in., and \ inch thick, which plate is also riveted on to the 
web at the other purlins, as a strengthening plate. Angle- 
irons extend always over two lengths of web. The weh 
is ornamented in an original way. A neat design of 
holes is punched out of the solid plate, leaving the mate- 
rial intact, where it acts in a similar manner to diagonals. 
As holes show much better than mere lines or raised 
ornaments, the effect is much more powerful ; besides, it 
seems the only right way to ornament a plate girder, 
because the main construction lines, adapted to certain 
scientific laws, are not only left intact, but even brought 
out to a greater extent. Ornamentation by casing, and 
ornaments stuck on, may be sometimes really required, 
but if the real working structure can be made in itself 
good looking, its merit is by far greater. These holes 
(about six inches in diameter, the larger ones) were 
punched out by a simple screw press, with long levers 
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and heavy weights attached to them. When brou 
once into the swing, the mere momentum suffices to di 
the punch through the plat«, which is -^-^ inch thick. 1 
base of rib is horizontal, 2 feet long, while the top flai 
is 2 feet 5 inches above, carried vertically down. It 
fixed by eight 1-inch bolts, on each side of the web^ 



Fig. 38. 

LONOrrXTDIKAL SBCnON. 
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the supporting cast-iron column, the angle irons of tl 
bottom flange being carried round horizontally for thi 
purpose. Riveting is done throughout with |-inc 
rivets, about 4 inch pitch. A board 8 J inches wide, b 
1 indi^ is fixed to soffit of rib, for mere appearance. Th 
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rib carries wrought-iron lattice purlins^ at intervals of 
6 feet 9 inches. On each side of such purlin, a cast-iron 
strut is fixed to rib and purlin by six J -inch bolts. By 
this connection, the projecting of the purlins beyond the 
ribs is prevented. 

The purlins, which are 23 feet 10 inches long, and 
1 foot 6 inches deep, are radial, and are connected to the 
main ribs by means of the cast-iron end struts of |-inch 
metal, by two -f-inch bolts. They consist of a simple 
truss, the top and bottom flange of which are each formed 
hj two L irons 3 x 3 x f inch. The top flange is also 
connected by two -f-inch bolts to top flange of main 
rib. Cast-iron struts, 3 feet pitch, and flat bar diagonal 
bracing, 2^ inches wide, increasing from ^inch to 
"l^-inch, and 1|^ inches in thickness, connect the flanges of 
ihe truss by ^-inch bolts serving as pins for diagonals. 
"Wooden diagonals are also used for giving the appear- 
ance of a complete diagonal truss. The purlins support 
at each strut a wooden rafter 6 in. x ^ in. Each alternate 
strut is so enlarged as to form brackets connected to the 
>vood rafters by ^inch bolts, which are employed to keep 
the purlins in their radiating position. The other struts 
are brought out at the top to mere lugs fixed to rafter 
by -l-inch coach screws. 

On the top of the main ribs a piece of wood 5^ in. x 
3 in. is fixed for nailing the 1-inch boarding thereto. 

The 1 -inch boarding is covered by Italian zinc near 
the crown, and at the lower part by slates. A portion of 
the roof is glazed. 

The ends of the roof, — being hipped, — are formed by 
iribs which are in general constructed like the ordinary 
cnes, but stronger in cross section. 

One ordinary rib weighs 5^ tons ; weight of purlins, 
standards, &c., for one bay, 9^ tons. 

Iron work for one bay of roof weighs 14{- tons. 
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Each rib is supported on a cast-iron column, 23 feet 
high from floor level to bottom of gutter, of an octagon 
section, and 1^ inch thickness of metal. The base is also 
octagon, 2 feet 10 inches high, and at the bottom of 2 feet 
inscribed diameter. At a height of 19 feet 7 inches from 
floor level it widens out into an octagon capital of 2 feet 
9 inches inscribed diameter at the top. The base is plaiO} 
the top is a little ornamented by raised leaves. AboTe 
that the column widens out into a kind of flat box, 4 feet 
2 inches high, with a bracket in front supporting 4e 
horizontal plate to which the L irons of base of columw 
are bolted. The horizontal plate extends over the middle 
of the continued column, leaving on each side of bracket 
oblong openings for receiving outlets of gutters ; the 
column changes above this horizontal plate into a vertical 
piece of I section, 1 ft. x 10^ in. x 7|^ in. x 1^ in., 4 ft.x 

4 in. high. The vertical part of the base of the rib u 
bolted, as already mentioned, to the inner flange 10^ inches 
wide. The bracket in front, being only a mere web, is 
hidden by a casing, appearing as an ornamental bracket 
of the same thickness as the flat box forming part of 
column, which is an elevation shaped like the two brackets 
supporting the outlets of gutter on each side of column. 
The gutter joins the column by a semi-elliptical arch 
forming the outlet. The casing is here required for the 
sake of appearance and for saving a core. To the back 
of upper part of column (supporting outlets and the 
uj)per flange of the I iron), a frame 1 1 feet 6 inches long 
is fixed by six 1-inch bolts. It consists of an arch of 

5 feet 1 inch radius of bottom outline, with a pretty filling- 
in ornament, and on the top a square frame 2 feet 6 indies 
deep. All the main flanges are 8 inches wide, ^ inch 
thick, only the upper flange of frame 1 foot wide x J inch, 
the web being |-inch thick. The other end of the frame 
is suitably provided with a vertical flange and a lug at 



ON THE CON8TEUCTION OF IRON ROOFS. 241 

^ bottom for resting on the wall, being besides bolted 

it by four 1-inch bolts. 

This frame would apparently transmit the horizontal 
^xust to the walls enclosing the hall, but that is 
^t the case. The horizontal thrust is in this roof 
bten by a 'very peculiar arrangement. On the top of 
^ie frames just described, at each end strong boxes 
t:e cast, each of which contains a pin dropped into it 
^)m above. These pins connect the ends of diagonal 
racing rods, with eyes on one end and key adjustment 
t the other. Along the outer boxes a wrought-iron 
ange runs throughout the length of the building, de- 
reasing towards the ends in strength, the diagonals in- 
reasing towards the ends. This flange, consisting of four 
lates, 1 ft. X 1^ in., and two L irons, 3 x 3 x | in. in 
mtre, is connected by the pins to the diagonals. On 
16 other hand, the gutter acts as the other flange of this 
^rizontal girder, and is made sufficiently strong, being 
ist 1|^ inch thick. The single lengths of gutters are 
)nnected together by means of eight 2-inch bolts, being 
jual in sectional area to the strength of the gutter, of 
)urse piercing the web or I -shaped part of column. The 
utter being of cast-iron, and sometimes exposed to tensile 
trains, requires, therefore, the above-mentioned area, 
'here are eight diagonals, one for each bay, the dimen- 
.ons of the rods increase from the centre towards the 
nds. The diagonals having to sustain just the same as 
hie flanges, contrary strains must be always of the same 
ections as them, because they can only act as the ties. 
it the hip of the roof only simple ties are required as 
iagonals. 

The roof offering in its longitudinal direction a very 
rreat resistance, renders it unnecessary to provide for an 
jxtra horizontal thrust arising from wind-pressure, &c. 

The gutter, being 1 ft. x 5| in. deep, 1 foot wide, aT>^ 

R 



•2-t2 "N" rHE «:oN.-TErcTr«jy of iros roofSw 

23 r. X -t in. ion^, I } inches rhick. has in distances of 
i :'»t^t --maii "jh^es c^Oi-r '-a. which receive the ends of the 
inr.enneiliare ratters ^5 in. x 3 in. The rafters are placed 
icrf.s*:- :.he 12 rVot corridor at a proper slope, laid "with 
l-inch boar'iinj, anti cii'vereii, like the lar^ roof, with 
blares. Tae orher en<k of these rafters rest in shoes on 
rhe wail ^iirroumiinii the hall- The gutter is covered by 
1 -smw Gn'^tin;r. whii!h is I ft. x 3 in. wide, and cast in 
leniTths 't ^5 f^et. It rests on small sapports fixed by 
twr J i-inch b<:'lt.* to cnws pieces cast on the gutter at every 
'iei^-nil pair of *hoes, and serving as distance pieces in the 
oa.-r^nnr. while it cools and prevents it from warping into 
awkward shapes. These «iistance pieces mast sJwavs be 
ma<!t= with a t< ip tlange : otherwise the other parts of 
r^a.-!:incr- [.r^ve stn'^nser in shrinking, and tear it in the 
middle. The rain-water is carried sideways by the 
brack^rt-shar-ed outlets of gutters into the column, and 
carriel off by the same to the drain pipes. The cast and 
wrought ironwork of one bay of roof weighs 14^- tons. 
The ca-t and wrought ironwork of one bay of supporting 
structure weighs 17f tons. 

From the above it will be seen that the arched roof is 
admiraldy adapted for wide spans ; but the best example 
is the colossal construction by Mr. TV. H, Barlow, in- 
tended to cover the ^lidland Railway Station at St, Pant 
Road, London. It is of larger span than any yet 
and rises to a height of 125 feet above St Fancnia 
covering an area of 690 feet long, by 240 feet wids^ 
clear. 

The framework of the roof consists entirely of m 
iron, with the exception of cast iron omamerkta,! l>< 
the main principals or ribs, as shown at a, a, fig, 39, 
arc i)lac(Kl at 29 feet 4 inches from centre to cenl 
have their intcnnediate ribs between them at eq 
tances apart, canied at every 18 feet 6 inches by 
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jDurlins between the main ribs. These trussed purlins are 
^0 constructed as to stiffen the bottom flanges of the main 
i:ribs in a lateral direction. One particular feature in this 
clesign is, that the thrust of the arch is counteracted by 
AvTought iron cross beams, which form the floor for the 
x-ails and platform, and act as tie rods to the principals 
:as they spring from the cast iron bases on each side. The 
"wrought iron cross beams are supported on columns of 
cast iron, the whole forming a series of vaults and stores 
of great value and extent. 

These are the principal features of thp3 gigantic struc- 
ture, and in order to give some idea of its magnitude, we 
liave selected from the ^ Journal of Engineering ' the fore- 
going transverse section, as represented in fig. 39. 

It might have been useful to have gone into the ques- 
tion of strains of this description of roof, as very little in- 
formation is extant on the subject. This section has., 
however, been extended beyond its original dimensions, 
and I must leave to the engineer in chief, Mr. Barlow, 
Professor Rankine, or some other able mathematician, 
the deduction of the necessary formulae for calculating 
the strains on the component parts of these important 
constructions. 
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V. 

EXPERIMENTAL RESEARCHES ON INSULATION ANT) 
OTHER PROPERTIES OF SUBMARINE TELEGRAPH 
CABLES.* 

Twenty-four years have now elapsed since Professor 
Wheatstone suggested to the Select Committee of the 
House of Commons on Railways the construction of a 
submarine telegraph between Dover and Calais. Since 
that time 11,000 miles of cable have been laid, only a 
little more than one-fourth of which can be said to be in 
a working condition ; amongst the unsuccessful attempts 
being the Atlantic cable, measuring 2,200 miles; the 
Red Sea and India Telegraph, of 3,499 miles, and sundry 
shorter ones, measuring collectively about 2,300 miles. 
To account for these misfortunes is a work of some 
difficulty, owing to the many causes which may affect the 
integrity of the insulation, or the continuity of the con- 
ducting wires. The 8,000 miles of failure have not been, 
however, wholly lost. They have been the means of 
accumulating a vast amount of experience, and have 
suggested remedies for the inevitable difficulties which 
have to be encountered, now as before, both in the manu- 
facture and in the paying-out of deep-sea cables. 

There are two descriptions of cables required for 
marine construction : one for shallow water, where, owing 
to the liability of injury from ships' anchors, or the 
abrasion against rocks or gravel, it is necessary for the 

* From the author's experiments. Vide Parliamentary Report on the 
Construction of Submarine Cables. 
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usulated wire to be surrounded with an extra strong 
covering of wire^nd hemp saturated with pitch ; and the 
)ther for deep-sea purposes, in which case, as the cable 
when once laid is supposed to lie perfectly quiescent at the 
30ttom of the ocean, no more strength nor protection is 
leeded than will shield the wire and its insulatinor coatingr 
Tom injury during the paying-out. Respecting the 
ihallow-water cables, in which category we class the line 
between Dover and Cape Grinez, laid in 1851 ; the line 
rem Dover to Ostend, laid in 1853; the one from 
England and Hanover, 280 miles long, laid in 1858 ; 
me between Folkestone and Boulogne, laid in 1859 ; 
ind one between England and Denmark, 350 miles long, 
ilso laid in 1859, all the above are the property of the 
Submarine Telegraph Company. In addition to these, 
;here are several others which may come into the same 
jlass, such as the lines between England and Holland, 
ind the Channel Islands cable, laid between this country 
ind Aldemey, Guernsey, and Jersey, in August 1858. 

Amongst the most important of the deep-sea cables is 
;bat of the Atlantic Telegraph Company. This company 
)btained an act of incorporation in 1854, which conferred, 
imongst other privileges, the exclusive right of landing 
jables on the coast of Newfoundland, or the adjacent 
slands, for a term of fifty years. The company also 
)btained a grant of 14,000/. per annum from the British 
jrovernment, and a similar one from the American Go- 
srernment, so long as the line was in working order. 

Upon these guarantees and privileges the company was 
"ormed, and the cable was manufactured, one half by 
Messrs. Glass and Elliott, of Greenwich, and the other 
lalf by Messrs. Newall & Co., of Newcastle-on-Tyne. 
The failure of this enterprise may be attributed to the 
want of care and proper supervision in the manufacture, 
and, to use the words of the commission, * practical men 
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ought to have known that the cable was defective, and 
to have been aware of the locality of the defects before 
it was laid.' We might multiply instances of several 
other similar failures, such as the Red Sea and India, 
the Spczzia and Corsica, and the Bona and Cagliari 
cables, all of which are now useless. 

In deep-sea lines there are three points which require 
careful consideration, and which appear essential to suc- 
cess, namely — the tensile strength and conducting power 
of the cable, perfect insulation, and machinery calculated 
to pass the cable with safety from the ship into the sea. 
If this latter can be properly effected, we may venture to 
assert that a well-insulated cable, when once laid, may be 
retained for a series of years in satisfactory working 
order. 

In the forthcoming Atlantic telegraph, every possible 
precaution has been taken to have a sound and suitable 
cable in the first instance, and Messrs. Glass and Elliott 
have not only conformed to the recommendations of the 
scientific committee, but they have chartered the Great 
Eastern steamship for the exclusive purpose of laying 
the cable, commencing probably at Newfoundland,* and 
continuing the process of paying-out, as we hope, without 
break or interruption, till it is safely landed at Valentia. 
As the construction of the cable is equally important 
with the skill with which it is laid at the bottom of the 
Atlantic, it may be interesting to compare the present 
cable with those previously laid down, and to show with 
what precaution the directors of the company have under- 
taken this important and precarious task. 

In all the cables we have specified, the same general 
principles prevail, viz. : — 

* On further consideration it was found desirable to commence at 
Valentia, as before. 
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1. The central conductor is a copper wire, or strand 
of wires. 

2. The insulating covering is gutta-percha. 

3. The external protection, when used, consists in most 
cases of iron or steel wire covered with hemp or other 
fibrous material, impregnated with pitch. These are 
wound round the central core in a spiral direction, in 
order to relieve the conducting wire from strain, and in- 
crease the strength of the cable. 

4. The cables so prepared have been paid-out over the 
stem of ordinary vessels, with a pressure-break to re- 
gulate the delivery according to the speed of the vessel, 
which has averaged from five to six knots per hour. 

In all cases copper has been chosen for the conducting 
wire, its durability and its high conducting power render- 
ing it peculiarly applicable for the purpose. In the first 
telegraphs, the conductor generally consisted of a No. 16 
copper wire. This size gave abundant area, and the 
resistances, even when in lengths of several miles, were 
not foimd to interfere seriously with the working. The 
conducting power of copper wire was taken to be directly 
as the area; there were, however, no precise data for 
determining a priori the size of wire requisite for any 
given length of circuit and speed of transmission. The 
wire was joined by being carefully lapped and soldered at 
the joint, and wrapped with smaller binding-wire, which 
was also soldered with silver solder. In spite of the 
utmost care in the construction of these joints, some 
were always imperfect, owing to their liability to fracture, 
and a break at any single joint destroyed the value of 
the whole cable. Moreover, the defects in the copper, 
owing to want of homogeneity, and the presence of 
foreign matter, frequently rendered the wire so weak that 
it ultimately parted after being covered, breaking the 
circuit, or stretched out and reduced the diameter to an 
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inconvenient extent. It was also found that, if the 
covered wire was excessively stretched, and then allowed 
to contract, the copper wire, being incapable of regaining 
its original dimensions, knuckled through the elastic 
coating. 

To remedy these defects, instead of a single copper 
wire bundles of smaller ones, of similar area, were adopted, 
the joints being so distributed that the fracture, or defect, 
of a single wire, does not destroy the whole cable. One 
serious objection to this form of conductor is that, if a 
single wire breaks, the sharp end is liable to penetrate 
through the gutta-percha, and establish a communication 
with the outer conductor. Such a defect is not easily 
detected, and it can only be guarded against by close 
examination of the strand itself, and by the constant 
testing of the coating during the manufacture. In the 
form of a strand the bulk of the conductor is also greater, 
and more gutta-percha will therefore be required to cover 
it. It will, moreover, not be perfectly solid, but will 
allow water, if it happen to penetrate to any part of the 
wire, to pass along as in a tube. This latter objection 
the Gutta-percha Company propose to remove by coating 
the central wire of the strand with Chatterton's com- 
pound, and then bedding the six centre wires in it in the 
process of twisting. The compound squeezed out be- 
tween the wires unites firmly with the insulating material, 
and the whole becomes so solid that a few inches of this 
cable will prevent the percolation of water at a pressure 
of 600 pounds per square inch. Mr. Daft proposes to 
obtain the same object by bedding copper wires coated 
with brass in vulcanised india-rubber. Mr. Clark obtains 
solidity by making the conductor in the shape of a solid 
wire, divided into three or four sections longitudinally, 
fitting closely to each other. Mr. Newall unites the 
several wires of a strand with solder. 
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Dr. Matthiessen, Professor Thompson, and other ex- 
perimentalists, have shown that the quality of the copper 
exercises a material influence on the conducting power 
of the wire, and it is very important that copper, as pure 
as can be obtained in commerce, should be used. 



TABLE I. 

SHOWING THE CONDUCTING POWBB OF CEBTAJN COMMEBCIAU COPPERS. 



QuaUty of CJopper. 


Conducting 
Power. 


Tempera- 
ture 
Centigrade. 


Cause of Diminution of 
Conducting Power. 


Pure copper . . . 


100- mean 




15-5 




Specimen famished 








by Mr. Tennant, 


98-78 


15-5 


Traces of silver. No suboxide 


cut fix)in a piece 






of copper. 


li ton in weight 








American (Lake Su- 


92-57 


15- 


Traces of iron, silver (-03 per 


perior) 






cent ) , and suboxide of copper. 


Australian (Burra 


88-86 


14- 


Traces of iron and suboxide 


Burra) 






of copper. 


Best selected , . 


81-35 


14-2 


Traces of iron, nickel, anti- 
mony, suboxide of copper, 
&c. 


Bright copper wire . 


72-22 


15-7 


Traces of lead, iron, nickel, 
suboxide of copper, &c. 


Tough copper . . 


71-03 


17-3 


Traces of lead, iron, nickel, 
antimony, suboxide of cop- 
per, &c. 


Russian (Demidoflf) 


59-34 


12-7 


Traces of iron, arsenic, nickel, 
suboxide of copper, &c. The 
arsenic present may be con- 
sidered the chief reason of 
the low conducting power. 


Spanish (Rio Tinto). 


14-24 


14-8 


Two per cent, arsenic; traces 
of lead, iron, nickel, sub- 
oxide of copper, &c. The 
low conducting power is to 
be attributed to the arsenic 
present. 


Gibraltar Core : — 








Specimen, No. 112 


90-7 


15-5/ 
15-51 


Traces of lead, suboxide of cop- 


„ 91 


89-5 


per, iron, and antimony. 






- 


Traces of lead, arsenic (very 


„ 292 


78-2 


15-5 J 


small), iron, nickel, anti- 


„ 240 


74-4 


15-51 


mony, and suboxide of 
copper. 
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The precedincr table, extracted from the commissioneis' 
report, shows the relative value, or conducting powers, 
of certain commercial coppers. It would appear that the 
difterence of conducting j>ower in the different kinds of 
co[)i)er is caused by the impurities contained in the speci- 
mens experimented upon ; the Rio Tinto copper, in so 
far as regards its conducting power, being no better 
than iron. 

It has been found that there are no alloys of copper 
which have a better conducting power than the metal 
itself: but, as perfectly pure copper is not to be obtained, 
we have only to reiterate that copper, as pure as can be 
jx>ssibly i)rocured, is the only metal which should be used 
for the conducting wire of a submarine cable. 

Inaulation. — As copper seems to stand out prominently 
as the most fitting conductor, so does caoutchouc, or 
india-rubber, appear almost specially intended for the 
l>urpose of insulation. Its qualities, in this respect, are 
of the highest onler. It is tough, highly elastic, of less 
spe(*iiie gravity than water, easily manipulated, extremely 
durable under water, nearly impervious to moisture, except 
sui)eriicially, and not excessively costly ; and on its first 
introduction it appeared as if nothing further could be 
desired. One of the first and most important require- 
ments in any insulating substance is that it should offer 
facilities for making the numerous joints required, either 
in the first construction of the line or for its repair when 
laid down. For this purpose, also, india-rubber appeared 
well adapted : if after being cut the fresh surfaces are 
immediately brought into contact, almost perfect reunion 
takes place ; and if they are warmed and slightly moistened 
with naphtha (in which india-rubber is soluble), they are 
hermetically sealed. The covering was effected by first 
coating the copper mre with cotton and shellac varnish, 
and then winding a thin strip of masticated india- 
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rubber spirally round the wire, each turn overlapping the 
last. Several coatings were thus put on, the union of 
the surfaces being secured by means of naphtha. An 
almost perfect insulation was the first result, the problem 
on which so much time and money had been expended 
seemed to be definitely solved, and the new material 
came into rapid use. A short time, however, showed the 
fallacy of these hopes. India-rubber, like all other gum- 
resins of a similar character, slowly bums or oxidises in 
the air, even in darkness ; but when exposed openly to 
the weather and to sunlight this oxidisation goes on with 
alarming rapidity ; wires hung out of doors soon become 
useless ; the india-rubber assumed a thick gummy or 
semi-fluid character, and soon fell away from the wire. 
The joint, even when made with naphtha, was found not 
to be durable, and after a short time, even in unexposed 
situations, the coating was found loose upon the wire. 
Attempts were made to preserve it by enclosing it in 
grooved boards, and thus protecting it from the air, but 
in dry situations this was found to be of but little avail ; 
and although in wet tunnels it was found to add to the 
durability, it was ultimately obliged to be abandoned 
there also. 

Gutta-percha was soon proposed as a remedy for these 
evils. When pure, and at moderate temperatures, it is a 
remarkably good insulator, and, moreover, is capable of 
being kneaded and drawn solidly on the wire through 
dies, thus avoiding the infinite number of joints required 
when india-rubber is used. From an analysis by Pro- 
fessor W. A. Miller, it appears that pure gutta-percha is 
a hydro-carbon, consisting of — 

Carbon 88*96 

Hydrogen .... 1104 

100-00 
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In commerce, however, it is mixed with resin, Tege- 
table fibre, moisture, &c. ; the latter being mechanicallT 
diffused through the mass, influencing its pliability and 
toughness. Commercial gutta-percha will remain un- 
changed for months in the air, provided light be excluded, 
and the temperature be not very high ; and it will remain 
unaltered for years in water, especially if coated with 
Stockholm tar, and kept in the dark. It is, however, 
rapidly destroyed by alternated exposure to a moist and 
dry atmosphere, especially if the sun's rays have access to 
it. Professor Miller found that all the deteriorated 
portions had absorbed oxygen. 

We have made numerous experiments upon the effect 
of temperature and hydrostatic pressure on both gutta- 
percha and caoutchouc. They necessarily occupy a very 
considerable time, and are otherwise difficult to perform. 
The general results appear to be that temperature has a 
very marked effect upon gutta-percha, but that pressure 
appears to consolidate the material, and improve the 
insulation, of both gutta-percha and india-rubber. 

The results may be briefly stated, as follows : — With 
the gutta-percha in ordinary use for submarine cables, the 
insulation at 72° Fahr. was not one-half as good, and at 92° 
not one-fourth as good, as it was at 52°, and at 52° it was 
not one-third as good as at 32°. Perfectly pure gutta- 
percha was a far superior insulator, and suffered little loss 
of insulation, until it attained a temperature of between 
72° and 92°. India-rubber and Wray's compound, which 
are very far superior as insulators to the gutta-percha 
which has been ordinarily in use, exhibit very little loss 
of insulating power until they attain temperatures far 
above 92°. 

The experiments at a very high temperature showed 
that, whilst india-rubber withstood a heat of 200° Fahr., 

'•il Wray's compound one of 152°, guttar-percha-covered 
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ivire was entirely spoiled at a temperature a little over 
122°. At 90® to 100° gutta-percha does not change its 
shape, but at a higher temperature a wire, when covered 
^th this giun, easily becomes eccentric by the mere pro- 
cess of coiling. Guttar-percha-covered wire should in no 
case be exposed to heat the exact amount of which cannot 
be defined and regulated. The material is therefore not 
a desirable one for cables which have to be conveyed 
through, or laid in, the tropics, unless means be found for 
ensuring that the cable be maintained at a low tem- 
perature. 

When immersed in water, gutta-percha, india-rubber, 
Wray's compound, and Chatterton's compound absorb a 
portion. Professor Miller's experiments, in which gutta- 
percha and india-rubber were subjected to pressure of 
three tons per square inch for a period of six weeks, 
show that the absorption of water by gutta-percha is 
almost nil in sea-water, and only trifling, though appre- 
ciable in fresh-water. The absorption of water by 
caoutchouc is always sensible, the surface being rendered 
white and opaque. The absorption, however, only reaches 
to a small depth, and does not destroy, nor in any way 
impair, the insulating power of the subjacent portion. The 
white aspect disappears as the substance dries. The 
amount of absorption is dependent upon the extent of sur- 
face exposed to the action of the water. The insulation of 
specimens of gutta-percha and masticated india-rubber, 
experimented on by Professor Miller, was in no way 
impaired by immersion under pressure, but the results 
with virgin india-rubber were not equally satisfactory. 

The experiments conducted by the author, at Man- 
chester, on the permeability or absorption of water of 
different kinds of insulators under pressure, and of dif- 
ferent degrees of temperature, give variable results, as 
shown in the following pages. They were instituted t*^ 
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deterniine the value of ineulatora under severe pressure, I 
and to ascertain not only the amount of absorption ander 1 1 
force equivalent to the kno\^Ti depths of the AtJantic, but I 
to prove experimentally the properties which pecuUarlj I 
belong to the material now in use for the purpt>aee cf J 
insulation under the varied conditions of pressure, I 
temperature, Ste^ This being the case, and as these I 
experiments were carried to a much greater extent ul 
regards pressure, we can only here give summaries of the I 
results, « I 

The following experiments were prosecuted at the re- 
quest of the commission J with a view to determine how 
far the different kinds of material proposed as insulating 
coverings for electric submarine cables were reliable when 
placed at the bottom of the ocean under the pressm^^ of 
the superincumbent water. It appears that all insulators 
which have been subjected to experiment absorb more or 
less water under pressure, even those that are closest in 
texture — such as ^iilcariised india-rubber and gutta- 
percha; and it seems that this absorption incr eases the 
longer the specimen is retained under the water^ the 
greater the pressure to which it is subjected^ and the 
higher the temperature of the water in which it is im- 
mersed. The very limited time which has been available 
for these experiments has prevented the author doing mote 
than to indicate decisively these general facts^ without 
determining the numerical relations of the quantities ab- 
sorbed under different conditious of time, pressm*e, or 
temperature. But already the experiments point out s 
very important enquiry^ some of the methods by which 
that enquiry may be prosecuted, and some of the con- 
ditions which must be attended to in order to ensure 
reliable and corresponding results. 

Generally, in regard to insulating power^ the various 
materials tried arrange themselves in the following ordef 
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of permeability, the first absorbing least water, and the 
last absorbing most 2 — 

1. Chatterton's compound. 

2. Gutta-percha. 

3. Masticated india-rubber. 

4. Vulcanised india-rubber. 

5. Carbonised india-rubber. 

6. Wray's compound. 

7. Unmasticated bottle india-rubber. 

The experiments on the insulating power of various 
cores under pressure are less complete than those on ab- 
sorption, and have been prosecuted under greater diffi- 
culties and with less variety of conditions. 

So far as the experiments go, however, Wray's core 
exhibited very high insulating powers, retaining the 
charge longer than any other tried. Next in order to 
this may be placed a core of pure indk-rubber coiled 
in two coats over a wire, but this very rapidly lost its insu- 
lating power under pressure. Then a core of pure gutta- 
percha cured by the Mackintosh process ; and the expe- 
riments on this are perhaps the most satisfactory of the 
series. The pressure was retained upon the cable for 
406 hours, in which period it exhibited considerable 
diminution of insulation. A core of twenty alternate 
coats of gutta-percha and Chatterton's compound also 
exhibited good insulation unimpaired after 170 hours' 
immersion. The experiments on a core subjected to 
pressure in an insulating liquid before being placed in 
our hands gave anomalous results. The insulation in- 
creased, instead of diminishing, as the liquid dissolved 

3Ut. 

The first experiments have for their object the deter- 
mination of the increase of weight of various insulating 
materials, when subjected to enormous pressure under 
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Fm. 39. 



water, A seiies of insulators was selected, such $% 
gutta-percha, india-ruhber> Wraj^a compound, Cbatter-1 
ton's compoundj vulcanised india-rubber, india-rubkrJ 
compounded with carbon, and marine glue. Of tlies^J" 
suitable -sized piecea were prepared and placed in a str^jngl 
steel cylinder J and subjected to pressure by meaos of j 
lever and plunger. Before their introduction into 

cylinder, and whilst dry, they were earefullyl 
weighed in a delicate balance. Then, nMt 
being subjected to pressure for a shorter or j 
longer period, as the case might be, they we 
again dried on the surface, and immediately 
weighed- The increase of weight due to tha 
pressure under water ia the measure of th^ 
quantity of water which had been absorbed 
or rather forced, into the porea of the 
lator. 

Fig. 39 represents the apparatus employed iii 
these experiments, C is the lai*ge cylinder of steel in 






which the specimens were placed ; p, its plunger, 2 inches 
diameter. Fig* 40 shows the general an-angement of the 
apparatus ; L L, the large lever ; f, its fulcrum ; and Ft 
the plunger of the cylinder C, in which the weighed 
specimens were placed. The plunger is guided vertically 
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by the box B, forming part of the general case or stand 
in which the lever is placed. By means of weights sus- 
pended on the extremity of the lever, the requisite pres- 
sure could be applied to the water in the cylinder c. 

The temperature in all these experiments was low, 
sometimes several degrees below the freezing-point. In 
the first experiment with Wray's compound, the cylinder 
when opened was found to be filled with loose ice. 

The last column of the following table shows the gutta- 
percha to be least absorbent, and the india-rubber most so. 
Wray's compound absorbed more than carbonised india- 
rubber, but less than pure india-rubber. The pure india- 
rubber appears to combine superficially with water as 
the surface becomes partly, white, as in the present 
experiment, over the whole surface. The carbon ap- 
pears to prevent the formation of this hydrate, and at 
the same time reduces the elasticity of the native rubber, 
and enables it to be worked more kindly. 



TABLE II. 

FIBST 8EBIES OF EXPERIMENTS ON ABSORPTION, UNDER A PRESSURE OF 20,000 
LBS. PER SQUARE INCH, REDUCED TO 100 HOURS* EXPOSURE AND 10 INCHES 

L. — (Reduced results.) 



it 


Insulators. 


ill 


Equivalent 

Column of 

Water, in 

miles. 


ill 






1 
2 
3 

4 


India-rubber 

India-rubber with carbon . 
Wray's compound . . . 
Gutta-percha 


20,000 
20,000 
20,000 
20,000 


8-720 
8720 
8-720 
8-720 


100 
100 
100 
100 


10 
10 
10 
10 


0-177 
0056 
0-072 
0044 



In the next series, the whole of the specimens were 
placed in the same cylinder, fig. 40, and remained under 
pressure during the same period and under the same 
Conditions. 

s 
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TABLE m. 

EXPEBniENTS ON ABS^lHFTIOX, UXDEB A PBESSrBE OF 6,000 I.BS. AKD AT TEB 

OBDixABT TLMPEBATTRE. — ^Kesults reduced to 10 inches area.) 



^ 5 Insulators. 






jji 


Hi 


if 


1 Intlia-ruMt^T. nnmasticated 
4 Indui-rubber, masticated . 

8 . 

9 „ „ . 
10 

11 1 India-nihber, vulcanised . 
7 1 India-rubWr, carbonised . 


5,900 
5,900 
A.OlK) 
5,900 
5.900 
5,900 
5,900 


2-575 
2-575 
2-575 
2-575 
2-575 
2-575 
2-575 


450 
450 
450 
450 
450 
450 
450 


10 
10 
10 
10 
10 
10 
10 


3-075 
0-023 
0-636 2 
0-700 8 
0-711 ® 
0-146- 
0-980 


2 Gutta-percba 


5,900 
5.900 


2-575 
2-575 
2-575 


450 
450 
450 


10 
10 
10 


0-378^,, 
0177 g 
0-366 o 


*"* »» »» 


5,900 


5 Wray's compound . . . 
13 , 


5,900 
5.900 


2-575 
2-575 


450 
450 


10 
10 


0750 1§ 
0-70016 


6 Chattertou's compound . . 


5.900 
5,900 


2-575 
2-575 


450 
450 


10 
10 


0-376)2 
0183; 6 



Table III. shows that, of all the substances tried, native 
iinma:?ticated india-rubber absorbs the largest quantity of 
water. The whole surface of the specimen had lost its 
black colour, and become whitened during the experiment 
Taking the mean of three experiments very closely 
agreeing, we find that native india-rubber, after manu- 
facture, absorbs less water than in its native state, in the 
proportion of 0*682 to 3*07, or as 1 : 44^. Vulcanised india- 
rubber appears to be the least absorbent substance tried, 
but when combined with carbon, it absorbs nearly one- 
tliird more water (according to the results of this table) 
than in its pure masticated state. Gutta-percha and Chat- 
tertou's compound are nearly alike in their resistance to 
absorption, the latter being superior. In these experi- 
ments their weight increased only one-half as much as 
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pure india-rubber (masticated), and twice as much as vul- 
canised india-rubber. Wray's compound absorbed rather 
more than masticated india-rubber. Marine glue ap- 
parently lost instead of increased in weight. 

Comparing Table IJ. with Table III., we find that 
the materials experimented upon are far from following 
the law of simple proportion in the amount of water 
absorbed at different rates of time. The present expe- 
riments were made under a pressure of 5,900 lbs. per 
square inch, and lasted for a period of 450 hours. The 
la^t were made under a pressure of 20,000 lbs., and lasted 
less than 100 hours. In the present experiments, carbo- 
nised india-rubber absorbed seventeen times as much as in 
the former ; Wray's compound, ten times ; gutta-percha, 
seven times ; and masticated india-rubber, only four times. 
Hence it appears that, other things being equal, masti- 
cated india-rubber would be most advantageous, and car- 
bonised india-rubber least so, as insulators ; because, so 
far as these experiments afford data for generalising, mas- 
ticated india-rubber follows a rate of absorption diminishing 
most with time, and carbonised india-rubber least so. This 
deduction, however, is complicated by the fact of a 
difference of pressure, and possibly of temperature, in 
the two experiments. 

The order of merit in resisting absorption, as derived 
from this series of experiments, is — 

1. Vulcanised india-rubber. 

2. Chatterton's compound. 

3. Gutta-percha. 

4. Masticated india-rubber. 

5. Wray's compound. 

6. Carbonised india-rubber, 

7. India-rubber not masticated. 

The next series of experiments was made under greater 

82 
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pressure, but in the same manner and for the same period 
of immersion. 

TABLE IV. 

THISD SESiaS OF EXPEBMECTS 02C ABSOBPTIOX, AT ORDDCABT TBMP«RATCBE8. 

^Reduction of rpsnlto to 10 inclips area.) « 



IX5rUlTOB8. 



Raw inJia-ruHvr . . 
Masticated india-rubber 



Carboiiis4?d india-rnbber 



Gutta•pexY^ha 



Wray's compoand 



3 Chatterton*8 compound 

4 



1 






l.'i.lKH) 6-54 

15.000 i 6o4 

15.000' 6-54 

15,000 6-54 

15,000 6-54 



15,000 6*54 



15.000 
15,000 



6-54 
6-54 



15.000 6-54 

15.0001 6-54 



135 



450 
450 
450 
450 
450 



450 



450 
450 



450 
450 



la 



10 
10 
10 
10 
10 



10 



10 
10 



10 
10 



1-65 

0-22) 

0-29 

0-80' 

0-29 



018 



0-56 \S 
0-68)6 



0054 »g 1 
0-068/6 I 



The temperature during these experiments was gene- 
rally lower than in the second series, being frequently 
at the freezing-point. There was loose ice in the cylinder 
when opened. 

The liigher pressures in these experiments seem to 
bring oiit more decisively the differences in the amount 
of absorption ; but it is remarkable that, whilst the 
relative absorption does not \^'idely differ, and the order 
of the insulators in their resistance to absorption is the 
same, the absolute quantity absorbed under greater 
pressure is less than in the previous series of experiments. 
The only discrepancy between the two series of experi- 
ments is the relatively low absorption of masticated 
india-rubber. 

The order of merit, or power of resisting absorption, 
Axperiments, ; 
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1. Chatterton's compound. 

2. Gutta-percha. 

3. Masticated indiar-rubber. 

4. Carbonised india-rubber. 

5. Wray's compound. 

6. Raw india-rubber. 

The last in this series absorbed twenty-seven times as 
much as the first ; gutta- Fjq. 42- 

percha and Chatterton's 
compound hold, as before, 
the highest place, but the 
superiority of the latter 
was more manifest; it 
had become whitened at 
the surface, but appa- 
rently the water had 
penetrated the thinnest 
possible film. 

The next experiments 
were made with a view 
to determine the effect of 
temperature on the ab- 
sorption of water by these 
insulators. Recourse was 
had to the small cylinder, 
c, fig. 42, which was sur- 
rounded by the water 
bath, ft, 6, maintained at 
a uniform temperature 
of 100*' Fahr. by the gas- 
jet g. ^, ^ is the ther- 
mometer. The lever by 
which the pressure was 
applied to the plunger 
is shown at l, l, attached to the firm cast-iron base, a,a. 
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The different substances were tried separately, as in 
the first series, and the weighings were repeated at 
intervals. During the night it was necessary to remove 
the gas-jet, as the uniformity of temperature could not 
be depended upon ; hence, for half the period of im- 
mersion the specimens were at a temperature of 50** only, 
and for the remainder at a temperature of 100^ The 
loss of weight, after removal from the cylinder, in con- 
sequence of the evaporation of the water absorbed, was, 
in these experiments, noted, and it was found the spedmenB 
decreased in weight below their original weight when diy. 

In the whole of these experiments, the pressure was 
20,000 lbs. per square inch ; area of specimens, 8 square 
inches ; and thickness, about one-eighth of an inclu 



TABLE V. 

FOURTH SERIES OF EXPERIMEirrS ON ABSORFTIONy AT INCBEASSD TRIOBB*- 

TURSS. — (Results reduced to 100 hours and 10 inches area.) 



X4i 



INSXTLATORS. 



Gutta-percha . . . . 
India-rubber . . . . 
Wray's compound . . 
Chatterton's compound 
Vulcanised rubber . . 






20,000 
20,000 
20,000 
20,000 
20,000 



\U 



P^a 



100 
100 
100 
100 
100 






hat 

O S C3 



76° 

75 

76 

75 

75 



10 
10 
10 
10 
10 



S1^ 



0-27 
0-46 
0-58 
0-20 
0-80 






3-61 
0-87 
0-91 
0-60 
2-27 



Comparing the numbers in this table with those in the 
first series, which were made under precisely similar 
conditions in all respects, except temperature, which then 
did not exceed an average of 40** or 45'' Fahr., it becomes 
evident that temperature has a considerable effect on the 
amount of water absorbed. Thus, gutta-percha at 45° 
absorbed 0-044 grains ; at 75% 0-27 grains, or six times 
as much. In like manner, india-rubber absorbed 0'177 
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grains at a lower temperature, and 0*45 at the higher, or 
two-and-a-half times as much. Wray's compound, 0*072 
at the lower temperature, and 0*58 at the higher, or seven 
times as much. 

Reasoning from the foregoing experiments, a question 
arises as to the ratio or quantity of water absorbed at dif- 
ferent times, and the condition of the specimens after 
extended inmiersion. The present expeiiments, although 
showing the relative permeability of different insula- 
tors, do not afford data to determine the ultimate 
condition of the material intended to surround and 
insulate the conducting wires of the electric cable. To 
ascertain these facts, a much more enlarged series of 
experiments is required, extending over a much greater 
length of time. If, for example, gutta-percha absorbs 
•015 grains of water in 100 hours, under a pressure of 
20,000 lbs. on the square inch, we want to determine the 
corresponding quantity absorbed in 1,000 hours ; and 
further, at what period will the continuous absorption 
cease? These are questions of vital importance as 
regards the porosity of the specimens ; and, when ascer- 
tained, we should still require to know to what extent 
the insulation of the electric current would be impaired 
in the cable when saturated with moisture. 

Should our best insulators, such as Chatterton's com- 
pound or gutta-percha, as given in the experiments, arrive 
at a point at which they will absorb no more water under 
'a given pressure, it then becomes necessary that we 
should ascertain whether the water imbibed is sufficient 
to carry off the whole or a part of the voltaic current, and 
whether the passage of the current through the insulator 
would accelerate, in turn, the oxidation and consequent 
destruction of the conductor. To solve these questions, 
we require, in my opinion, as before stated, a long series 
of carefully-conducted experiments, which would if- ^ 
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give a reliability to these important undertakings, whle'i^ 
at present they have not attained. 

The earlier experiments on the insulating power It c> 
various cores when placed under pressure were 
with voltaic electricity ; but, owing to the shortness i 
the specimens, it was found impossible to destroy 
insulation by the absorption of water so as to pen 
a current from a small battery to pass through 
covering. 

Failing in this, recourse was had to frictional electricit] 
which, from its high intensity, passed with greater or la 
facility through the insulating coverings of the 
Still the difficulty of deciding upon the period at whid 
after remaining under pressure, the insulation began 1»l 
grow less perfect, remained to' a large extent unremoveil 
This difficulty was very much increased by the necessarily 1 
short period in which the experiments had to be comfl 
pleted. It was impossible in many cases to leave the I J 
cores long enough under pressure to ascertain clearly the [ 
entrance of water ; and only in one or two instances was ' 
any defect in the cable detected, beyond question, by the 
gradual loss of insulating power in the specimen under 
trial. To inadequacy of time were added manipulative 
difficulties ; such as the making of a packed joint which 
should hold tight against so enormous a pressure as 
10,000 lbs. per square inch, and also the variable hygro- 
metric condition of the atmosphere. 

The earlier and preliminary experiments were made 
with a simple double pith ball electrometer suspended 
from one of the exposed ends of the cable. This method, 
however, did not allow of sufficient accuracy in the 
measurement and regulation of the charge and the rate 
of loss, to afford satisfactory results. 

The following method was then adopted. The core 
^as placed in a steel cylinder, E, e (figs. 43 and 44), with 
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Is projecting. This cylinder was bored out to 

ighths of an inch diameter^ and at either end a 

strong brass glands, G, G, were fitted, so as to 





;s round the core the vulcanised india-rubber 
, p, p, by the aid of the bolts and nuts, B, B. 
napression thus applied indented the core to a 



266 



SUBMARINE TELEGRAPH CABLES^ 



I 



greater or less degree (fig. 45) at each of the points where 
the india-rubber packings were appKed ; and this indoi' 
tation was greater or less accor^ng to the pliability of 
the insulator. Communicating with the large cylindef, 



Fig. 45. 



E, E, is a small cylinder, c, c, fitted with a solid plunger. 
The pressure was applied, through the medium of the 
plunger, by a lever, l, l (fig. 42), after the cylinders had 
been filled with water. Up to about 10,000 lbs. pressure 
per square inch, or a pressure equivalent to the weight 



D Fto, 46- 




y/r////^i 



of a column of water 4*36 miles high, the cylinder would 
stand without leakage ; but beyond this pressure the 
water forced its way amongst the packings, and, either 
^th or without external leakage, prevented the attain- 
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ment of any high pressure from the fall of the plunger 
on its bearings. 

One end of the core was hermetically sealed in all but 
the earliest experiments. The other end was covered 
with a rounded brass cap, and surrounded by a closed 
box, D, D (fig. 46), containing dishes, d^ of concentrated 
sulphuric acid, an electrometer, e, and a hygrometer, //. 
By means of the acid the atmosphere round the cable 
was kept in a tolerably uniform condition of dryness in a 
room otherwise damp, and the apparatus and surface of 
the cable maintained under similar conditions throughout 
the whole of the experiment. 

The electrometer employed is known as the Peltier's 
electrometer. In this instrument the electricity being 
simultaneously communicated to a fixed bar and a metallic 
index, the latter is repelled. A directive force is given 
to the index by means of a small magnetic needle, in 
order to retain it at zero when no electric force acts 
upon it. 

The charge was given from an electrophorus, and was 
ordinarily of such intensity as to deflect the needle 
through an arc of 70**. The fall of the needle, from loss of 
charge, was then watched at intervals as nearly uniform 
as was convenient, until the needle had sunk to 20''. 

Although interesting, it would be unnecessary to give 
the experiments on insulation in detail, and therefore, as 
in the former experiments on permeability, a summary of 
results will suffice. 



268 SUBMARINE TELEGRAPH CABLES. 

TABLE VL 

SuMMABT OP Results, 

Showing approximately the time reijuired in each for a Loss of Charge 
equivalent to a Fall of the Electrometer Needle of 60°. 


a 


DsaCRIPTUlN OF COELE. 


hi 


|o5 \ 




Us 


L 
L2 

3 
4.6 


1 GiljrftltHJ core, cured bj 


10,000 
10,000 
10,000 


4*ae3 

4*363 
4-363 


282 

328 
405 


t H 

100 U 
32 3« 


1,2.3 
4 

• 5,6 

i ^ 

' 10 
11,12,13 


' Core impregnated vith 



10,000 
10,000 
10,000 
10,000 
10.000 
10,000 



4-363 
4-363 
4*363 
4*363 
4*363 
4-363 



24 
48 
d6 
77 
120 
170 


1 ir , 

620 > 
1140 
27 3i» 
13 

m u 

97 « 
105 i) 


IIL 

1,2 


Wniy^ft coTC * . « . . 











iW \) 


IV. 
2 


Wray's core . . * . . 











I It 
411 (J 


^ V. 
2 
3,4 


3 Cory impregtiiitcd with j 
j insukting liquid 1 


10,000 
10,000 


4-3G3 
4-363 


4 
16J 


68 30 
4415 


VL 

1 
2,3 

fi 

6 


) Core of 20 alternate coiits j 
i- of guttji-porpba. and - 
j Cliii t terto n' s compound 



10,000 
lO,(JOtl 
10,000 



4-363 
4-363 
4-363 



121 
150 
170 


95'30" 
42 4« ' 

118 ; 

10050 


VIL 
1 
2 


j^ Core of pure iji^lia-rubh<jr j 



10,000 



4-363 



80 


443^ / 
18 e 


Tin. 

L2 
3 

4 


' Gutta-percha core , ,- 



10,000 
10,000 
10,000 



4*363 
4*363 
4-303 



264 
480 
576 


4 30 
8 * 
4 5 
337 
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TABLE VI. {continued.) 






IX. 
1 
2 



X. 

1 
2 
3 



DESCRipnoN OF Core. 



India-rubber core 



Silver's india-rubber core j 






go.S . 
•3 g h'S 




3,977 




1-72 



3 i o 




390 



2 M 



26 




380 
387 
382 



On a careful inspection of the above summary, it will 
be seen that a great difference exists in the retentive 
powers of the different insulators under severe pressure : 
these anomalies almost defy attempts at comparison. K 
we take No. 1, the Gibraltar core, cured by Macintosh, 
we have, after an immersion of 282 hours, at the enor- 
mous pressure of 10,000 lbs. per square inch, a power of 
retention of 136 minutes ; at 325 hours' immersion, it is 
reduced to 100 minutes ; and at 405 hours', it is still 
further reduced to 32 minutes, showing that the insulation 
is very considerably affected when a sufficiently long 
period of time is allowed for the permeation of the cable. 
In the next series of experiments, on a core impregnated 
w^ith an insulating liquid, we have totally different results, 
as there is a steady and progressive gain in the insulating 
powers of the core. At 24 hours of immersion, we have 
1 1 minutes 40 seconds; at 48 hours, 27 minutes 25 seconds ; 
and so on till, at 170 hours, the charge is retained for a 
period of 105 minutes. Wray's core was too small to be 
fixed in the cylinder; but it retained a charge under 
atmospheric pressure for 1,300 minutes, and hence mani- 
fested a superiority to all the other cables tried. In 
another trial with a larger cable, thi? insulator also gave 
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peiy BAtisfactory results. In JTo, 6 core, of twenty 
liltem&te coats of gutta-percha and Chatterton'a com* 
pound, ttere are tlie variable results of an increase in the 
first five experiments from 43 minutes in 121 hours to 
118 minutes in 150 hours; whilst in the sixth experiment, 
the retention after 170 horn's' immersion again fails to 
100 minutes. These tliacrepancies are dilficult to account 
for, and a more lengthened series of experiments k re- 
quired for the attainment of accurate results, No» 7, ft 
core of pure india-rubber^ indicated very good insulaiicn 
before the pressure was applied ; but after 80 hourf 
immersion the insulation was almost entirely destroyed 

The very iiniHjrtant question of ineulation in deeply- 
submerged cables is far from having receivedj as yet, i 
complete solution. The foregoing experiments are latJs- 
factory, in so far as they show approximately the rektiYe 
porosity of various materials ; but they do not point out 
how we are to obtain an insulator impermeable to wat^r, 
and at the same time a good non-conductor. This desi- 
deratum has yet to be attained. 

We might have extended our illustrations on the per- 
meability, effects of temperature, and other conditioni 
connected with the insulators now in nse ; but having 
already gone largely into detail, we must conclude with 
observing, that in the second attempt to ensure suc- 
cess, as regards both the manufacture and laying of the 
cable, a second series of elaborate experiments were 
instituted, under the direction of a scientific committee 
appointed for that purpose. The results of the experi- 
ments are satisfactory and interestingj and are given ifi 
the following article. 

In conclusion, we present our readers with drawings 
and particulars of the two cables, showing that which 
failed in 1858, and that which is intended for submersion 
in 1865. From these will be seen the difference of weight 
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TABLE VI. (continued.) 



n 



IX. 

1 

2 



X. 

1 
2 



Description of Cork. 



India-rubber core 



Silver's india-nibbercoro ] 










3.977 




1-72 






go 





/ // 





26 


390 








380 





387 





382 



On a careful inspection of the above summary,, it will 
be seen that a great difference exists in the retentive 
powers of the different insulators under severe pressure : 
these anomalies almost defy attempts at comparison. If 
we take No. 1, the Gibraltar core, cured by Macintosh, 
we have, after an immersion of 282 hours, at the enor- 
mous pressure of 10,000 lbs. per square inch, a power of 
retention of 136 minutes ; at 325 hours' immersion, it is 
reduced to 100 minutes; and at 405 hours', it is still 
further reduced to 32 minutes, showing that the insulation 
is very considerably affected when a sufficiently long 
period of time is allowed for the permeation of the cable. 
In the next series of experiments, on a core impregnated 
with an insulating liquid, we have totally different results, 
as there is a steady and progressive gain in the insulating 
powers of the core. At 24 hours of immersion, we have 
11 minutes 40 seconds; at 48 hours, 27 minutes 25 seconds; 
and so on till, at 170 hours, the charge is retained for a 
period of 105 minutes. Wray's core was too small to be 
fixed in the cylinder; but it retained a charge under 
atmospheric pressure for 1,300 minutes, and hence mani- 
fested a superiority to all the other cables tried. In 
another trial with a larger cable, this insulator also gave 
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JJesertpiion af the cable giibmerged between Ireland and 
Newfoundland bif the Atlantic Telef^raph Company^ in 
1858.* — Distance frmn Ireland to Nemfountlhind^ 1670 
nautit'fd miles* 

Fia. 47. 

Atlantic Cable, 18o8, * 





Cmdnctor^—A copper strand, consisting of 7 wim 
(6 laid round one), and weigliing 107 lbs. per nautical tnile* 

Insuhffor, — Gutta-perclm laid on in three cov^nnp 
and weighing 261 lbs. per knot. 

External Protection. — 18 strands of chjircoal inm 
wire J each stnmd composed of 7 wires (6 laid round 
one), laid spirally round the core, which latter wm pre- 
viously padded with a serving of hemp saturated mih a 
tar mixture. The separate wires were each 22^ gauge^ 
the strand complete was No. 14 gauge. 

Weight in AiT,^20 cwt, per nautical mile. 

Weight in Water. — 13'4cw-tt per nautical mile. 

Breakinff Strain* — 3 tons 5 cwt., or equal to 4*85 
times its weight in water per nautical mile ; that is to 
say, the cable would bear its own weight in a little less 
than 5 miles, depth of water. 

Dee pent Water to be encountered ^ 2^400 fathoin?^ 
less than 2| nautical miles. 

The Contract Strain was equal to 4*85 times its weigh 
^*or nauticnl mile in water. 

^migth of Cable shipped, — 2,174 nautical miles. 

•ciiblps wiT% mnnufaetnTed by Messrg* Gloss, Elliott, & Ca^ irti"f 
1 r.liL"Guttfi-p*ivbiiCoinpanj, ate now desigimted the TAegt^^ 
*'* Mamteiiaiic^ Company Limited. 
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Pm. 48. 

Atlantic Cable, 1864-5. 




^Conductor. — Copper strand consistm^ of 7 wires (6 
laid round one), and weighing 300 Ibs> per nautical mile, 
embedded for solidity iu Chattertau's compound. Gauge 
of single wire "048= ordinary 18 gauge. Gauge of strand 
•144= ordinary No, 10 gauge. 

Insulation. — Guttar-perehaj 4 layers of which are laid 
on alternately with four thin layers of Chattert^n'e com- 
pounds The weight of the entire insulation 400 Ibfl. per 
nautical mile. Diameter of core '464, circumference of 
core 1'392, 

EjiteTJial Protection. — Ten Bolid wires of the gauge 
'095 (No. 13 gauge) drawn, firom Webster and Horsfairs 
homogeneous iron, each wire surrounded separately with 
five strands of Manilla yarn, saturated with a pre- 
servative compound, and the whole laid epirally round 
the core, which latter is padded with jute yam, saturated 
with preservative mixture. 

Weight in Air. — 35 cwt. 3 qrs. per nautical mile, 
Weight in Water, — 14 cwt per nautical mile. 

Brmhlng Strain.~7 tonE 15 cwt ^ or equal to eleven 
times its weight in water per nautical mile ; that is to 
say, the cable will bear its own weight in eleven miles' 
depth of water. 
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miles. 



■ MmgtkmfCiMkMjpfmL — ^9^MO naotical miles. I ^ 

k I'' 
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' :^:_— ir-ti jviGi^i^tm^ of 7 wires (filiM 
'^rrir ^*'^^ 1?^^ per cmutical mile, em- 

Gsoga «f 




y ^k'VH. «a«VK: 



' wbkh are UH 

Katterton^s com- 

*:ioo 400 lbs. per 

: >4^ ciiniiufeFeDce rf 



Sil^ vires 



WW www ^^fnr ^^^^f^f^ ^IBH 



of the gm^ 

and Horsfsir^ 

Mviilla Y*'^' 
', which htm 
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is padded with jute yam, saturated with preservative 
mixture. 

Weight in Air. — 31 cwt. per nautical mile. 

Weight in Water. — 14| cwt. per nautical mile. 

Breaking Strain. — 8 tons 2 cwt., or equal to eleven 
times its weight in water per nautical mile ; that is to 
say, the cable will bear its own weight in eleven miles 
depth of water. 

Deepest Water to he encountered. — 2,400 fathoms, or 
less than 2^ nautical miles. 

The Contract Strain is equal to 11 times its weight 
per nautical mile in water. 

Length of Cable to be shipped to complete both Lines. — 
2,730 miles. 

Speed of working through the new cable, with the 
present improved instruments, is certified by Messrs. 
Thomson & Varley to be not less than eight words per 
minute. 

Captain Douglas Galton, E.E., F.E.G.S., F.G.S., 
F.R.S. ; William Fairbaim, Esq., C.E., LL.D., F.R.S., 
&c. ; Charles A\Tieatstone, Esq., F.R.S. ; William Thom- 
son, Esq., LL.D., F.R.S., and Joseph Whitworth, Esq., 
C.E., F.E.S., who formed the scientific committee, ap- 
pointed by the Directors of the Atlantic Telegraph 
Company, to examine all specimens and tenders sub- 
mitted to the Company, unanimously recommended that 
Messrs. Glass, Elliott, & Co's. specimen be adopted, and 
that their tender for making and laying the cable be 
accepted. 
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1 experiment^ the strengtlis^ combinations^ forms^ and 
tions of every cable considered of suitable strength 
proportion to cross the Atlantic. To fulfil these 
tions and ensure correct re- 

a laborious series of experi- 
3 were instituted; and in order 
tain accuracy as regards the 
ing powers of each cable 

tensile strain^ they were 
jn by dead weights suspended 
a crab or crane^ A, by which 
could be raised or lowered at 
ure. The weights were laid 
le hundred-weight at a time, 
:he elongations were carefully 
I and recorded in the table 
ch alternate fourth hundred- 
it was placed on the scale 

the cable was broken. By 
process we were enabled to 
tain with great exactitude 
mount of elongation in 7 feet 
hes of the length between the 
Iron clips screwed round the 
J, near the ends of the loops 
^hich they were suspended, 
aown in figure 50 at a, b. 
hook and blocks to which the 
» were attached belonged to 
veiling crane that elevated or 
red the platform b, containing 
weights, to heights corres- 
ing with the stretch as the weights were laid on. 
ing adjusted the apparatus, the experiments pro- 
ed in the order shown in the following Tables. 
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In this investigation it will not be necessary to give 
the experiments in detail, a summary of results wiD 
suffice. 

In the following table will be found the ultimate 
strength of nearly all the differently manufactured cables 
of Great Britain, and it will be seen that they vary con- 
siderably as regards strength, ductility, &c. 

TABLE I. 

Tablh of the Tensile Bbbakino-stbain of Atiantio Sttbkabhii 

EJ.ECTBIC Cables, ajs supplied by different Manufactubbba. 

Summary of Results. 



Number 
of 




Broaking-weight. 


Diameter 


Elongation 
in 8 feet 


ElOBglttiOB 

perunit 


detailed I 


teacription of Cable. 






of Cable, 


length of 


experi- 








in inches. 


Cable, 


oflengtb. 


ment. 




Ib6. 


tons. 




in inches. 




12 Me 


ssrs. Silver & Co. . 


130 


•058 


•36 


__ 


-t 


13 


„ Silver & Co. . 


354 


•158 


•36 


— 


— 


1 


„ Duncan .... 


2146 


•958 


•77 


1710 


•1781 


10 


„ Allan 


2258 


1-008 




6-76*1 
167 


•0703 (a) 
•138a (6) 


11 


, Allan 


2818 


1-258 


•67 


•0169 (c) 


2 


, Hall & Wells. 


4946 


2-007 


•76 


2-16 


•0225 


3 


, Siemens & Co.n. 


5394 


2-408 


•77 


2-60 


•0270 


4 , 


, Siemens & Co.A. 


5730 


2-553 


•77 


2-85 


•0296 


6 


, Glass, Elliott . 


7690 


3-433 


1-10 


3-77? 


•0392? 


6 


, Glass, EUiott. 


7690 


3-433 


1-10 


410 


•0427 


7 


, W. F. Henley. 


9594 


4-283 


•85 


r85 


•0191 (d) 


8 


, W. F. Henley. 


12786 


5-708 


•85 


2-72 


•0339 (e) 


9 


, Glass, EUiott, 












& 


Chatterton .... 


14783 


6-600 


MO 


3-57 


•0449 



(a) For outside steel wires. 

(b) For copper wires. 

(c) The completed cable. 



(d) Without outside covering. 
{e) The completed cable. 



Several of these cables are of a high order of merit, 
and well entitled to special notice as* they reached the 

* This elongation refers to the inside strand of Messrs. Allan's cable. 
t The elongations of Messrs. Silver and Co.'s cable, aa given in the detailed 
experiments, are not reliable. 
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quired point of strength — a quality of great importance 
O cables for submergence in deep water. 

From these considerations it was deemed advisable to 
'«lect a description of cable containing this element, and 
lH the requirements to meet the contingent forces to 
vhich it might be subjected. With these impressions on 
Jie minds of the Committee, it was found desirable to 
►elect that of Messrs. Glass, Elliott & Co., which stands 
highest in the order of strength in the foregoing Table, 
tnd from the results in Table II., deduced from subsequent 
Experiments on upwards of forty specimens manufactured 
oj the same firm. 

In this inquiry it will be observed that upwards of forty 
specimens of cables have been tested in their finished 
state, and this might have been sufficient for the Committee 
to determine the best description of cable ; but it was 
deemed advisable to investigate still further, not only the 
cable as a cable, but to test experimentally each separate 
part, in order that every security should be afforded as to 
the strength and quality of the material to be employed 
in the construction. The whole of the specimens sub- 
mitted by Messrs. Glass Elliott & Co., were composed of 
the same sizes of conducting wire insulated within alter- 
nate layers of gutta-percha and Chatterton's compound, 
which formed the core of each. Surrounding this core, 
were lapped, in a spiral direction, nine and in some cases 
ten wires, of '089 to '09^ inch diameter ; and each wire 
was covered with Manilla-yam, or St. Petersburg hemp, 
saturated with tar and other materials. Now, as these 
covering wires constituted the principal strength of the 
cable, it was found desirable to test them separately, for 
the purpose of ascertaining their tenacity, ductility, elas- 
ticity &c. The wires were of three sorts, namely, steel 
and iron in its homogeneous or simple state of manufacture 
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TABLE n. 



EXPRRIMENTS ON THB SUBMABINE ElBCTBIC CaBLB OF THB AtLASTIC 

Trleoraph Company. Glass, Elliott, & Co. Makufactxtbxbs. Jhk- 

KETBB OF CaBLB I'lO INCHES. 

Summary of Results. 



^ 

s 






Brtiafclnff-wMglil. ' 




ii 


4 


^i 


^ 1 


1 




z^ 








1 


~§ 


r 


1 


CaUle. 


11 


ItM. 


iota. 


li 
11 


1 ^ 


it 


No. 5 Manma . 


■089 


13,690 


6*111 


3*60 


'0383 


9 


ft 


1^61 


2 


No. 6 Henip . , 


■089 


11,424 


ft'lOO 


419 


■0465 


9 


i-m\ 


3 


No. Manilla . 


■083 


13,164 


$■850 


3^76 


■0416 


9 


8 


I'M 


4 


No. lOMiiTiilla . 


'OD-'i 


15,882 


7^0fl0 


378 


■0420 


9 


a 


1-61 


5 


No. 16 Hemp . . 


■095 


15,260 


6"gl3 


344 


-0382 


9 


8 


, 1*76 


6 


No. IH MauiUa . 


■097 


16.876 


7533 


382 


■0425 


9 


a 


l-ll 


7 


No. IS Hpmp . . 


"097 


13,104 


ss-io 


2*97 


0330 


10 


10 


HI 


S 


No. 22 MiiDilk , 


i)96 


16,876 


7^533 


327 


*0363 


10 


10 


174 


e 


No. 22 Hemp , . 


■096 


13,104 


5-850 


401 


■0445 


10 


10 


H7 


to 


No, 23 Manilla . 


'096 


12,868 


6744 


3^34 


'0371 


9 


8 


l-Tl 


u 


No. 23 Hemp , . 
No. 24 Manilla . 


'096 


14,628 


6^530 


4*0fi 


'0454 


9 


8 


V1& 


12 


'089 


16.244 


7251 


3*82 


'0424 


g 


ft 

8 


rea 


IS 


No. 24 Hpmp . . 


■080 


12,432 


6' 550 


368 


■0409 


9 


r69 


H 


No. 25 Muni I ja. 


*0fl9 


16,876 


7'533 


405 


'0450 


9 


ft 
ft 


1-60 


U 


No, 20 Manilla . 


■093 


14,628 


6'530 


357 


'0396 


9 


H7 


16 


No. 26 HcTiip , , 


■093 


12,544 


6-600 


4-18 


*0464 


9 


ft 


1*72 


17 


No. 27 Mjmilk . 


■090 


14,228 


6351 


3*93 


0436 





8 

ft 


r70 


la 


No, 27 Hemp. . 
No. 28 MttmUa . 


■090 


11,760 


5250 


342 


^0380 


9 


1-77 


19 


'095 
















2U 


No, 39 Hnnilk . 


■085 


13J04 


6-850 


388 


0431 


10 


9 
9 


H5, 


21 


No. 30 Manilla. 


^085 


10,640 


4760 


205? 


? 


10 


1*71 ' 


22 


No, 31 ManilU . 


-095 


11,312 


6-050 


3-30 


'0366 


10 


9; 

9 
9 


1-71 f 


2S 


No, 32Mnnilk. 


■095 


12,432 


5*660 


3-01 


'0334 


10 


v%v 


24 


No. 33Manii]a. 


^095 


11,760 


5-2ao 


277 


'0307 


10 


ml 


25 


Na. 34 Mnnilk . 


■096 


13,104 


fiSdif 


3*27 


■0363 


10 


1-81 i 


26 


No, IS^ManiUii 


'097 


15,260 


6812 


2-32 


■0257 


10 


9 
9 
9 


ml 


27 


No. 3o Manilla . 


■092 


14,628 


6-530 


407 


■0452 


10 


173 ^ 


28 No. 37 Manilla, 


*09] 


13,552 


fl'060 


3-26 


*0361 ' 


10 1 


1-77 t 


29 


No. 38 Manilla J mi 


13,552 


6060 


2*98 


'0331 


10 


9 
9i 


1-69 


30 


No. 40 Mnnilk , 


"095 


13,226 


6904 


302 


■0335 


10 


l*JJl 


31 


No. 42 Manilla . 


■096 


13,104 


6-850 


294 


'0326 


10 


9 
9 
9 


1*80 


32 


No. 43 Manilla . 


097 


17,358 


77413 


2-92 


■0324 


10 




33 


No. 46 Manilla . 


^097 


16,414 


7'327 


26o 


■0294 


10 


__ 


34 


No, 47 Manilla . 


_ 


15,828 


7*090 


3^01 


-0334 




- 


Sfi 


No. 48 Manilla, 


— 


14,092 


6^29J 


3-04 


■0351 


^ 




.^ 


-!« 


No. « Manilla , 


^■~ 


17,088 


7628 


3^68 


'0414 


— 


— 


^ 
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Table II. — continued. 



1. Broke in centre. 

2. Broke at cramps. 

3. Broke at cramps. 

4. Broke 19 inches from cramps. 

5. Broke 3 inches &om cramps. 

6. Broke 2^ inches from cramps. 

7. Broke 9 inches from cramps. 

8. Broke 3 inches from cramps. 

9. Broke in centre. 

10. Broke in bend of the barrel 

11. Broke 3 inches from cramps. 

12. Broke 15 inches from cramps. 

13. Broke 12 inches from cramps. 

14. Broke at cramps. 

15. Broke 27 inches from cramps. 

16. Broke 12 inches from cramps. 

17. Broke 8 inches from cramps. 

18. Broke at cramps. 



19. Not tested. 

20. Broke in centre. 

21. Broke 15 inches from cramps. 

22. Broke in the centre. 

23. Broke 1 inch from cramps. 

24. Broke 8 inches from cramps. 

25. Broke 3 inches from cramps. 

26. Broke 1 inch from cramps. 

27. Broke 3 inches from cramps. 

28. Broke 7 inches from cramps. 

29. Broke 1 inch from cramps. 

30. Broke in 3 places. 

31. Broke near centre. 

32. Broke 1 inch from cramps. 

33. Broke 3 inches from cramps. 

34. Broke 3 inches from cramps. 

35. Broke 1 inch from cramps. 

36. Broke ; not registered. 



NJ3. In this Table the elongations are taken from the weight immediately 
preceding that which fractured the Cable. 



from coke, coal, and charcoal. From the samples the 
following results were obtained : — 

From Table III. it will be seen that, out of 21 speci- 
mens experimented upon, the maximum of strength rests 
with Johnson, and the minimum with Jenkins, Hill & Co. 
the ratios being as 1950 : 450, or as 4*33 : 1. The maxi- 
mum of elongation to that of the minimum varies with a 
load of 550 lbs. as the numbers '320 for Ryland's and 
about '014 for Johnson's steel wire in experiment 2,* being 
in the ratio of '320 : -014, or as 22*8 : 1, nearly. Soft- 
ness and ductility have always been considered an im- 
portant element in the construction ; but this measure of 
ductility is probably overrated, as the Ryland wire, with 
the last weight laid on (50 lbs.) was sufficient to extend 
or stretch considerably before it broke. Viewing the 
subject in this light, it is obvious that a very high ductility 
with a low standard of strength is not what is wanted, but 
a combination of strength and ductility that will prevent 
snapping from brittleness, on the one hand, and give the 

* Obtained from the detailed experiments. 
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requisite powers of elongation without material injurj 
the strength, on the other. What is therefore wantec 
these wires is tenacity united to ductility in resistance 
a tensile strain, without incurring fracture, up to at h 
seven-eighths of its ultimate strength. 

TABLE ni. 

ExFBBnOiMTS TO DBTEBMINB THE STRENGTH AND OTHBB FbOFERTIE$ 

Steel, HoMOOBiOiOus, and Iron Wire, calculated to establis 

8BCUBB AND, AS NEARLY AS POSSIBLE, A PBBFECT CaBLE FOR 

Electric Telegraph across the Atlantic 

Sommary of Results of Experiments on Bare Wires. 



Number of 






Dla- 




Breaking- 


elc 


Experi- 
ment in 


Name of Manufacturer. 


of wire, 


Description of wire. 


weight of 
wire, in 




Table U. 






in 
inches. 




lbs. 


1 
In 


1 &2 


Messrs. Taylor & Co. . . 


•087 


Haematite . . 


650 




4&;d 


ft 


Horsfall . . . 


•096 


Homogeneous . 


950 




6&7 


u 


Horsfall . . . 


•097 


Special homoge- 
neous . . . 


850 




8&9 


n 


Johnson . . . 


•093 


Charcoal . . . 


750 




lO&ll 


n 


Johnson . . . 


•098 


Galvanised . . 


650 




12&13 


!♦ 


Shortridge & Co. . 


•089 


Homogeneous . 


650 




14 


»» 


Smith and Hough- 














ton . . . . 


•091 


Homogeneous . 


1250 




16 


„ 


Hughes . . . . 


•091 


Charcoal . . . 


600 




17&18 


n 


Firth and Sons . 


•088 


Homogeneous . 


650 




20 




Jenkins and Hill . 


•085 


Soft patent steel 


600 




21 


tf 


Jenkins and Hill . 


•085 


Annealed steel . 


450 


2 


22 


»» 


Hyland Brothers . 


•093 


Charcoal . . . 


550 




23 


If 


Taylor & Co. . . 


•089 


Haematite, S 3 . 


550 




24 


n 


Taylor & Co. . . 


•095 


Haematite, S 4 . 


750 




32 


if 


Horsfall, No. 7 . 


— 


Homogeneous, 
No. 7 . . . 


1150 




33 


f> 


Horsfall, No. 9 . 


— 


Homogeneous, 
No. 9 . . . 


1050 






fl 


M 


Johnson, 1 . , . 


•095 


Steel wire . . 


1950 




i 


2 


|> 


Johnson, 2. . . 


•095 


Patent steel . . 


1950 




1" 


3 


»» 


Johnson, 1a. . 


•095 


Homogeneous . 


950 




m 


4 


l» 


Johnson, 2a. . 


•095 


Homogeneous . 


560 




i5 


U 


Johnson, 3a. . 


•095 


Special charcoal 


750 





fsi 



•087 in. diameter at the fracture. 



(/) ^086 in. diameter at the frac 

{g) -083 „ 

(h) -071 „ 

(0 -082 

U) -082 „ 
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From a long series of well-conducted experiments, it 
IS been found that a good quality of ductile iron improves 
. strength by elongation, that is, the whole of its fibres 
re brought into action by the elongation of those first 
ibj acted to strain, or, in other words, they yield up only 
art of their strength imtil the force reaches the other 
arts, so as to produce uniformity of action throughout 
le whole section of the wire. This is a property of good 
on which requires to be extended to the manufacture of 
otb steel and homogeneous wire ; and taking the experi- 
ments as they exist in the foregoing series of results, I 
nd that with proper care in the selection of the material 
I the first instance, a judicious system of manipulation in 
le second, and a rigid system of inspection and check 
pon the quality as delivered, from time to time, during 
le manufacture, that wire of homogeneous iron, '095 inch 
lameter, can be made of strength sufficient to sustain 
•om 900 to 1000 lbs. with an elongation of -0068 or ^^f^g^o 
er unit of length. This description of iron appears to 
e the most suitable for the Atlantic cable, as it combines 
rength with ductility, and may be produced at a com- 
Buratively moderate cost. Great care is, however re- 
aired to maintain, during the whole process of manu- 
^ture, the full standard adopted at starting, both as 
jgards the strength and ductility of the wire. 

It was, also, found desirable to test the separate strands 
*each cable, as well as the wires themselves. For this 
iirpose a number of strands similar to those employed in 
le manufacture of the different cables were procured 
id the tensile breaking strain and elongations carefully 
>served and recorded. In order to ascertain whether 
le length of the lay of the hemp and Manilla round the 
rand was of that spiral which produced a maximum 
rength, the yam separated from the strand was also 
tst^d, and^ comparing the sum of the breaking strains of 
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the wire and yam separately with the whole in ccHnbiitt-i 
tion, this obj ect was approximately gained. The summan i 
of results of these experiments will be seen in thet^^l 
following Tables : — 

TABLE IV. 
Tablb of the Tensile Bbbaxinq-strain of the Yabn (twisted) ^^^ . 

POSING THE COVERING OF THE STRANDS OF MeSSBS. GiASS» EiX^^ ' 

& Co/s Cables fob the Atlantic SuBMAsnra Telbobafh. 
Summary of Results on Manilla and Hemp Yarn. 



No. of 
experi- 
ment. 



1&2 
3&4 
5&6 

7&8 



Description of 
materiaL 



White Manilla 
White Hemp 
Tarred Manilla 
Tarred hemp . 



Mean 
break- 
ing 
weight, 
in IbB. 



Elonga- 
tion in 
50 inches, 
in inches. 



162 
166 
137 
101 



•81 
1-36 
1-36 
1-28 



Bemarks. 



r Permanent set with 140 lbs. aflt^^ 
\ removal of load — -62 inch. / 
i' Permanent set with 160 lbs. sSt^j 
\ removal of load, 1*32 inch. ( 

(Permanent set with 120 lbs. afte* 
removal of load = '76 inch 



Another very important question arises in the construc- 
tion of this cable, and that is the strength of the core and 
its conducting wire, and how it is to be protected under a 
pressure of 7000 or 8000 lbs. per square inch when lodged 
at the bottom of the ocean. This appears a question well 
entitled to consideration ; and provided a properly insu- 
lated wire of one or more strands can, without any ex- 
terior covering, be deposited in safety at these great 
depths, it is obvious that the simpler the cable, the better. 
Assuming, therefore, that gutta percha is the most de- 
sirable material that can be employed as an insulator, it 
then resolves itself into the question. What additional 
covering, and what additional strength, is necessary to 
enable the engineer to pay out of a ship a length of 1600 
miles into deep water so as to deposit it without strain at 

»« bottom of the ocean? This is one of the questions 
Qomittee was called upon to solve, and for this very 
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important object the following experiments were iiist 
tuted — 

TABLE VL 

EXPBBDCBNTS TO DETERMIXE THE StBENOTH OF THE GeNTRAX CoBI, AID 

Mateiuals of which it is composed. 
Summary of Results. 



No. of 
Experi- 
ment. 



I>e8cription of Material. 



Diameter 

of 

Core. 



Breaking- 
weight, 
in lbs. 



Blongation Pemumeotj 



in 

80 inches, 
in inches. 



setinaO 

inches, in I 

incbeSi : 



Central core .... 
Central core. . . . 
Copper wire strand . 
Gutta-percha covering 



•464 
•464 
•144 
•464 



650 
630 
450 
200 



700 
6^72 
6-71 
8-73 



6-90 
5-64 (fl) 
6-71(6) 
6-21 



(a) In this experiment the core was not broken, but laid open for inspe^ 
tion. 

(b) One wire broke first, and subsequently the others followed. 

It is of considerable Importance in marine cables to 
have all the parts as nearly uniform as possible, and in the 
foregoing experiments on the central core will be observed 
the difference of elasticity which exists between the copper- 
wire conductor and the insulator or gutta-percha coverings 
In the former case we have at the point of fracture an 
elongation of 6*71 inch and a permanent set of 6*71 inches 
in a length of 2 feet 6 inches, whereas in the insulating 
material there is 8*735 inches of extension and only 6*215 
inches of a permanent set in the same length. These 
discrepancies of elasticity and elongation are of consider- 
able importance, in so far as they show that in cables of 
this description we have to contend with materials of 
different properties, the first being to that of the second 
as 6*71 : 6*215, or as 1*08 : 1 ; in other words, the gutta- 
percha is 8 per cent, more elastic than the copper con- 
ducting wire which it covers. These facts account for 
'^lA extraordinary development which presented itself on 
■* slice of the gutta-percha covering from the wires 
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which, on being liberated burst through the opening in 
the form of loops, as shown in figure 51, the wire burst- 
ing out in this and in a former experiment, after being 
forcibly stretched and liberated from its confinement, in 
the form shown at a, a, a. 

Fig. 5L 




From these experiments will be noticed the facility with 
which the copper wires elongate by tension, and that to a 
degree highly injurious to the gutta percha insulator, 
which contracts the already stretched wires, producing a 
tendency to force themselves in loops through the covering 
in which they are encased. To prevent these injurious 
effects it is necessary to protect the core by an outside 
covering of strong material, to relieve it from severe ten- 
sion, and also to protect the gutta percha from injury. 

Regarding this as a circumstance of great importance 
bearing directly upon the ultimate strength of the cable, 
the Conmiittee arrived at the conclusion that the cable, 
No. 46, composed of homogeneous wire, calculated to 
bear not less than from 850 to l,000lbs. per wire, with a 
stretch of -fV^^s ^^ an inch in 50 inches, was the most 
suitable for tiie Atlantic Cable. 

Impressed with these views the Committee therefore 
recommended this cable, the particulars of which will be 
seen in the following specification : — 
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Specification of No. 46 Cable. 

The conductor consists of a copper strand of seyen 
wires (six laid round one), each wire gauging KMS (or 
No. 18 of the Birmingham wire-gauge), the entire strand 
gauging '144 inch (or No. 10 Birmingham gauge) and 
weighing 300 lbs. per nautical mile, embedded for solidity 
in the composition known as * Chatterton's Compound.' 

The insulator consists of gutta percha, four layers of 
which are laid on alternately with four thin layers of 
Chatterton's compound, making a diameter of the core of 
•464 inch and a circumference of 1*392 inch. The weight 
of the entire insulator is 400 lbs. per nautical mile. 

The External Protection. — This is in two parts. First 
the core is surrounded with a padding of soft jute yam, 
saturated with a preservative mixture. Next to this pad- 
ding is the protective covering, which consists of ten solid 
wires of the gauge '095 inch, drawn from homogeneous 
iron, each wire surrounded separately with five strands of 
Manilla yam saturated with a preservative compound, the 
whole of the ten strands thus formed of the hemp and 
iron being laid spirally round the padded core. 

The weight of this cable in air is 34 cwt. per nautical 
mile ; the weight in water is 14 cwt. per nautical mile. 
The breaking-strain is 7 tons 15 cwt., or equal to 11 times 
its weight per nautical mile in water, that is to say, if 
suspended perpendicularly, it would bear its own weight 
in 11 miles' depth of water. The deepest water to be 
encountered between Ireland and Newfoundland is about 
2|400 fathoms ; and one mile being equal to 1,014 fathoms, 

tiherefore 1014 x 11 = ^^^^ =4-64, the cable having thus 
2400 ^ 

•*^mgth equal to 4*64 times of its own vertical w( 

^t water. 
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In this report we have not entered upon the process of 
immersion^ either in tanks or the sea ; we have confined 
our attention exclusively to the cable and the quality of 
the materials of which it should be composed, and the 
questions of coiling, shipping, submersion, &c., we have 
left for the consideration and skill of the company's 
engineers. 
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the engineer to comply satisfactorily with the conditions 
of the Board of Trade, and cordially to unite with the 
Government in affording ample security to constructions 
in cases where the lives of the public are at stake. 

To remove all doubts on this question, I have been 
enabled, through the liberality and at the request of the 
Board of Trade, to undertake a series of experiments to 
determine, or to endeavour to , ascertain, whether a con- 
tinuous change of load, and the strains produced by those 
changes, have any effect (and to what extent) upon the 
ultimate strength of the structure, — or, in other words, 
to ascertain the rate of endurance the material is able to 
sustain under these trials. 

To comply with this request, a wrought-iron beam was 
constructed, representing the girders of a bridge of ques- 
tionable strength, to be employed to determine, experi- 
mentally, the strength and durability of such a structure. 
This beam was made of the ordinary construction, of 
moderately good, but not the best quality of iron, and 
subjected to vibration and a perpetual change of load 
until the cohesive powers of the material were destroyed. 

Of the resisting-powers of material under the severe 
treatment of a continuous change of strain, such as that 
which the axles of carriages and locomotive engines 
undergo when rolling over iron-jointed rails and rough 
roads, we are very imperfectly informed. Few facts are 
known, and very few experiments have been made bearing 
directly on the solution of this question. It has been 
assumed, probably not without reason, that wrought iron 
of the best and toughest quality assumes a crystalline 
structure when subjected to long and continuous vibration 
— that its cohesive powers are much deteriorated, and it 
becomes brittle, and liable to break with a force con- 
siderably less than that to which it had been previously 
subjected. This is not improbable; but we are appa- 

u 2 
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rently yet ignorant of the causes of this change, and the 
precise conditions under which it occurs. 

In the year 1837 I instituted a long series of experi- 
ments to determine an important quality in the strenglb 
of materials, viz. the powers of crystalline bodies to 
sustain pressure for an indefinite period of time, and to 
ascertain whether cast iron, when subjected by a given 
weight to long-continued transverse strain, would or would 
not be subject to a fracture. 

It appears that former writers on the transverse 
strength of materials had come to the conclusion that the 
bearing-powers of cast iron were confined within the 
limits of that force which would produce a permanent 
set, and that it would be unsafe to load this material 
with more than one- third of the weight necessary to 
break it. This assumption is incorrect, as in the experi- 
ments to which we refer some of the bars, six in number, 
were loaded within one- tenth of the weight that would 
break them. 

From these experiments it was ascertained that cast 
iron, when sound, is more to be depended upon, and 
exhibits greater tenacity in resisting long-continued heavy 
strains, than is generally admitted, and its bearing-powers 
have deserved a much higher reputation than has at any 
former period been given to them. This is even more 
apparent with wrought iron, as it is safer, being more 
tenacious and ductile, and less liable to flaws and imper- 
fections, which, too, should they exist, are much more 
easily detected than in cast iron. 

The experiments, as respects the effects of time, on 
loaded cast-iron bars 1 inch square and 4 feet 6 inches 
between the supports, were exceedingly curious and inte- 
rs ' "• They embraced a period of seven years, from 
"■ 844, when they were discontinued, — the 
'^•urs continuing to sustain their load 
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without any apparent increase in the deflection. The 
deflections were taken monthly and carefully recorded, 
and the following Table exhibits the changes that took 
place in both the hot- and cold-blast iron-bars from June 
1838 to June 1842. It is satisfactory to observe that 
during the whole time of the experiments the bars, 
whether loaded with the lighter or heavier weights, ex- 
hibited little or no change beyond what may be traced 
to the variations of temperature. One of the bars was, 
however found broken, but whether from accident or 
the effects of continued strain I am unable to determine. 
I am inclined to believe that the former was the case, as 
the corresponding bars retained their position, indicating 
changes so exceedingly small as to be scarcely percep- 
tible, even when examined by the microscope and our 
best instruments. 

TABLE I. 

DsFIiBCnONS PBODUCED WITH PERMANENT WEIGHTS ON HOT- AND COLD-BLAST 
CAST-IBON BaBS 4 FEET 6 INCHES BETWEEN THE SUPPOBTS. 



Cold-blast, 

Weight in 

Ibe. 


Deflection, 

in 

inches. 


Date of observation. 


Tempera- 
ture, 
Fah". 


Hot-blast, 

Weight in 

lbs. 


Deflection, 

in 

inches. 


336 
336 


1-316 
1-308 


June 23, 1838. 
April 19, 1842. 


78° 
68° 


336 
336 


1-538 
1-620 


392 
392 


1-824 
1-828 


June 23, 1838. 
April 19, 1842. 


780 
58° 


392 
392 


1-803 
1-812 


448 
448 


1-457 
1-449 


June 23, 1838. 78° 448 
AprU 19, 1842. 68° 448 





From the above it will be seen that there is no increase 
in the deflection of the cold-blast bar with the 336 lb. 
load^ but a slight increase of '082 of an inch in the hot- 
blast. With the 392 lbs. there is a slight and progres- 
sive increase in both bars, and in those with a load of 
448 lbs. there is no change but what is due to tb-" 
rence of 20° of temperature between the month 
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and that of April, As respects the load of 448 lbs., it is 
proper here to observe that the hot-blast bars broke at 
once with that weight, and one of the cold-blast bars also 
broke after sustaining the load 37 days, but whether 
by accident or from vibration is not determined. It is, 
however, evident from the breaking of the hot-blast bars, 
and one of the cold-blast, that the load of 448 lbs. approx- 
imated very close on the point of fracture, and that the 
slightest vibration of the floor would break the bar. 

Viewing the subject in this light, it would appear from 
these experiments that time is an element which in a 
greater or less degree affects the security of materials 
when subjected to long-continued pressure. It may at 
first sight appear that the cohesive powers and the resist- 
ance may be so nicely balanced as to neutralise each 
other, and in this state would continue to sustain the 
load in that condition ad infinitum, provided there be 
no disturbing force to produce derangement of the 
parts, and thus destroy the equilibrium of the opposing 
forces. This cannot, however, be expected, and we may 
reasonably, under ordinary conditions of disturbance, 
conclude that long-continued strain will tend to lessen 
the cohesive force which unites the particles of matter 
together, and ultimately destroy that power of resistance 
so strongly exemplified in the above experiments. (Vide 
Report, Transactions of the British Association for 
1842.) 

As the object of this inquiry is to ascertain the limit 
of safety in structures, such as railway bridges, subjected 
to vibnition and impact from a rolling load, it may be 
necessary, for the purpose of illustration, to refer to experi- 
ments made by the Commission appointed in 1848 to 
iiHiTiire into tlie application of iron to railway structures. 
In these inquiries the late Professor Hodgkinson and 
Professor Willis entered elaborately into the experi- 
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mental as well as the mathematical investigation : but the 
experiments which bear more directly upon the present 
inquiry are those of Captain Henry (now Sir Henry) 
James and Captain Galton, for determining the effects 
produced by passing weights over bars at different ve- 
locities, and subjecting others to reiterated strain cor- 
responding to loads equal to some fractional part of the 
breaking-weight. The latter experiments were made with 
cams, caused to revolve by steam machinery, which 
depressed the bars and allowed them to resume their 
natural position for a great number of times. Two cams 
were used ; one communicated a highly vibratory motion 
to the bar during the deflection, and the other greatly 
depressed the bar subjected to it, and released it suddenly 
when the ultimate deflection due tcf the load had been 
obtained, the rate of deflections being from four to seven 
per minute. Three bars, subjected by the first-mentioned 
cam to a deflection equal to what would have been pro- 
duced by one-third of the statical breaking-weight 
obtained from similar bars, received 10,000 successive 
depressions, and when afterwards broken by statical 
pressure, bore as much as similar bars subjected to dead 
weight only. Of two bars subjected to a deflection equal 
to what would have been caused by half the statical 
breaking-weight, one broke with 28,602 depressions, the 
other withstood 30,000, and did not appear weakened to 
' resist statical pressure. 

Of the bars subjected to the second cam, three bore 
10,000 depressions, each giving it a deflection equal to 
what would be produced by one-third of the statical 
breaking-weight, without having their strength to resist 
statical pressure apparently at all impaired ; one broke 
with 51,538 such depressions, and one bore 100,000 
without any apparent diminution of strength; whilst 
three bars, subjected by the same cam to a deflection 
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equal to what would be produced by half the statical 
breaking-weight, broke with 490, 617, and 900 depres- 
sions respectively. It must, therefore, be concluded that 
iron bars will scarcely bear the reiterated application of 
one-third their breaking-weight without injury. 

A bar of wrought iron 2 inches square in section and 
9 feet long between the supports, was subjected to 
100,000 depressions, by means of the first-mentioned or 
rough cam, each depression producing a strain corre- 
sponding to about -|ths of the strain that permanently 
injured a similar bar. These depressions only produced 
a permanent set of "015 inch. 

Three wrought-iron bars were subjected to 10,000 
depressions each from the step-cam, depressing them 
through ^ inch, ^ iAch, and ^ inch respectively, witboat 
producing any perceptible permanent set. A bar de- 
pressed through 1 inch obtained a set of "06 inch, and 
one depressed 300 times through 2 inches acquired a set 
of 1*08 inch. The largest deflection which did not pro- 
duce any permanent set appears, by an experiment on a 
similar bar, to be that due to rather more than half the 
statical weight which permanently injured it. 

A small box girder of boiler-plate riveted, 6 in. by 
6 in. in section and 9 ft. long, was also subjected to 
depressions by means of the rough cam, principally irith 
the view of ascertaining whether any effect would be 
produced on the rivets by the repeated strain; but a* 
sti^in corresponding to 3752 lbs. repeated 43,370 times 
did not produce any appreciable effect. 

From the experiments made by the Commissioners it 
may be inferred — 

1st. That cast-iron bars or girders are not safe when 
subjected to a series of deflections due to one-half the 
load that would break them. 

2nd. That they are perfectly secure in sustainii^ a 
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dead weight not exceeding one-third of the weight that 
would break them ; and 

3rd. That these reiterated deflections appear to have 
no injurious effect upon the metal from which the bars were 
cast. 

As respects wrought iron, it appeared from the experi- 
ments, that a progressive increase in the deflections and per- 
manent set was observable during every depression pro- 
duced by the same cam as that employed on the cast-iron 
bars, exhibiting great deficiency in its elastic powers. 
Where the bar retained its power of restoration up to 
30,000 deflections, with 10,000 more changes it took a 
set of '06 inch, and from that number, with 810 addi- 
tional depressions, the set increased to 1'84 inch, evidently 
showing that it would have continued still further to in- 
crease until the bar was rendered useless. 

Comparing these experiments with those obtained from 
the riveted wrought-iron beam in the following experi- 
ments it will be found that a load equivalent to one-fourth 
the breaking-weight produced no visible change nor any 
permanent set after being subjected to 1,000,000 depres- 
sions of '17 and '22 inch. By increasing the load from 
one-fourth to two-fifths, it sustained 5175 additional de- 
flections of '22 inch, when it broke. The difference 
between the experiment on the wrought-iron bar and the 
wrought-iron manufactured girder consists in the greater 
rigidity of the latter, and in its increased power of resist- 
ance to vibration and the force of impact, the weight on 
the girder descending upon it by the force of gravity. 

The institution of experiments for the purpose of ascer- 
taining the value of wrought-iron riveted plates, in the 
form of tubes, through which a railway train should pass, 
was a conception which led to a new era in the history of 
bridges, and ultimately effected the passage of the estuary 
of the Conway and the Menai Straits. These experiments 
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not only gave the form and strengths required for the con- 
struction of these colossal structures, but they developed 
an entirely novel system of constructive art, and esta- 
blished the principle on which wrought-iron bridges should 
in future be made. Since then some thousands of bridges, 
many of them of great span, have been constructed, com- 
posed entirely of wrought-iron, and are now in existence 
supporting railways and common roads to an extent hitherto 
unknown in the history of bridge-building, and such as 
could not have been accomplished by any other descrip- 
tion of material than malleable iron or steel. 

The construction of the Britannia and Conway bridges 
in the tubular form led to other constructions, such as the 
tubular girder, the plate and lattice girder, and other 
forms, all founded on the principle developed in the con- 
struction of the large tubes as they now span the Conway 
and the Menai Straits. In the tubular bridges, it was 
first designed that their ultimate strength should be six 
times the heaviest load that could ever be laid upon them, 
after deducting half the weight of the tube. This was 
considered a fair margin of strength; but subsequent 
considerations, such as generally attend a new principle 
of construction with an untried material, induced an 
increase of strength, and, instead of the ultimate strength 
being six times, it was increased to eight times the weight 
of the greatest load. 

The stability and great success of these bridges gave 
increased confidence to the engineer and the public, and for 
several years the resistance of six times the heaviest load 
was considered an amply sufficient margin of strength. 

Owing to the success of these undertakings, there was 
a general demand for wrought-iron bridges in every 
direction, and numbers were made without any regard to 
first principles, or to the law of proportion necessary to be 

•wved in the sectional areas of the top and bottom 
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flanges, so clearly and satisfactorily shown in the early 
experiments. The result of this was a number of weak 
bridges, many of them so disproportioned in the distribu- 
tion of the material as to be almost at the point of rupture 
with little more than double the permanent load. These 
discrepancies, and the erroneous system of contractors 
tendering by weight, led not only to defects in the prin- 
ciple of construction, but the introduction of bad iron and, 
in many cases, equally bad workmanship. Now thei*e is 
no construction which requires greater care and more 
minute attention to sound principles than icrought-iron 
ffirdersy whether employed for bridges of large or small 
span or for buildings. The lives of the public entirely 
depend upon the knowledge and skill of the engineer, and 
the selection of the material which he employs. 

The defects and break-downs which followed the first 
successful application of wrought iron to bridge-building 
led to doubts and fears on the part of engineers ; and 
many of them contended for eight, and even ten times the 
heaviest load as the safe margin of strength. Others, and 
amongst them the late Mr. Brunei, fixed a lower standard; 
and I believe that gentleman was prepared in practice to 
work up to one-third or two-fifths of the ultimate strength 
of the weight that would break the bridge. Ultimately it 
was decided by the authorities of the Board of Trade, but 
from what data I am not informed, that no wrought-iron 
bridge should with the heaviest load exceed a strain of 
5 tons per square inch. Now on what principle this 
standard was established does not appear; and on appli- 
cation to the Board of Trade the answer is, that ' The 
Lords Commissioners of Trade require that all future 
bridges for railway traffic shall not exceed a strain of 5 
tons per square inch.' 

The requirement of 5 tons per square inch on the part 
of the Board of Trade is not sufficiently definite to secure 
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in all cases the best form of construction. It is well 
known that the powers of resistance to strain are widely 
different with wrought iron, according as we apply a force 
of tension or compression ; it is even possible so to dis- 
proportion the top and bottom areas of a wrought-iron 
girder calculated to support six times the rolling load, as 
to cause it to yield with little more than half the ultimate 
strain or 10 tons on the square inch. For example, in 
wrought-iron girders with solid tops it requires the sec- 
tional area in the top to be nearly double that of the 
bottom, to equalise the two forces of tension and com- 
pression ; and unless these proportions are strictly adhered 
to in the construction, the 5-ton strain per square inch is 
an error which may lead to dangerous results. Again, it 
was ascertained from direct experiment that double the 
quantity of material in the top of a 
wrought-iron girder was not the most 
effective form for resisting compres- 
sion. On the contrary, it was found 
that little more than half the sectional 
area was required, and, when con- 
verted into rectangular cells similar 
to a, a, a, was in its powers of resist- 
ance equivalent to double the area 
when formed of a solid plate. This 
discovery was of great value in the 
construction of tubes and girders of 
wide span, as the weight of the struc- 
ture itself (which increases as the 
cubes, and the strength only as the 
squares) forms an important part of 
the load to which it is subjected. On 
this question it is evident that the 
requirement of the Board of Trade cannot be appUed in 



Fig..52. 



■^ 



a, 
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both cases, and is therefore ambiguous as regards its 
application to different forms of structure. In the 5-ton 
per square inch strain there is not a word said about 
the dead weight of the bridge ; and we are not informed 
whether the breaking weight was to be so many times 
the applied weight plus the multiple of the load, or, in 
other -words, whether it included or deducted the weight 
of the bridge itself. 

These data are wanting in the railway instructions; 
and until some fixed principle of construction is determined 
upon, accompanied by a standard measure of strength, it 
is in vain to look for any satisfactory result in the erection 
of road and railway bridges composed entirely of wrought 
iron. 

I have been led to inquire into this subject with more 
than ordinary care, not only on account of the imperfect 
state of our knowledge, but from the want of definite 
instructions from the authorities whose duty it is to 
secure the safety of bridges and to protect the public from 
malconstructions. To accomi)lish this, I have in the 
following experimental researches endeavoured to arrive 
at the extent to which a bridge or girder of wrought 
iron may be strained without injury to its ultimate 
powers of resistance. And also to ascertain the exact 
amount of load to which a bridge may be subjected 
without endangering its safety, or, in other words, to 
determine the fractional strain of its estimated powers 
of resistance. 

To arrive at correct results and to imitate as nearly as 
possible the strain to which bridges are subjected by the 
passage of heavy railway trains, the apparatus specially 
adapted for that purpose was designed to lower the load 
quickly upon the beam in the first instance, and subse- 
quently to produce a considerable amount of vibration. 



302 EFFECT OF IMPACT, VIBRATOBY ACTION, ETC., 

as the large lever with its load and shackle was left 
suspended upon it in the second. The apparatus was 




J •\ -, ' r- r ./!-HJ \\ 



ELEVATION OF THE APPARATUS EMPLOYED FOR ASCERTAINING THE EFFECT OF 
IMPACT, VIBRATORY ACTION, AND LONG-CONTINUFJ) CHANGES OF LOAD OS 
WROUGHT-IRON GIRDERS. 

.sufficiently elastic for that purpose, as may be seen on 
reft«„ceto.l.e<ba™g,. , 
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The beam a, Figs. 53 & 54, is composed of an iron 
plate riveted with angle-irons, 22 feet long, |^ of an inch 
thick, and 16 inches deep. 

It was supported on two brick piers 20 feet apart 
Beneath the bottom flange is fixed the lever b, which, 
by means of the link and shackle C, grasps the lower 
web of the beam close to the fulcrum d. This fulcrum, 
on which the lever oscillates, is formed of a vertical bar 
E, which acts as a standard, and has screw-nuts to 
regulate the height from the cast-iron plate F to the 
fulcrum D. The machinery for lifting the lever and scale 
at H consists of the shaft and pulley I, driven by a 
water-wheel ; and from this shaft the apparatus for lifting 
the load is worked by a strap from the pulley on the 
pinion-shaft K, which drives the shaft and spur-wheel L, 
giving motion to the connecting rod M. This rod has an 
oblong slot at its lower end, in which the pin at the end 
of the lever works. From this description it will be seen 
that, in turning the spur-wheel L, the weight is not raised 
until the bottom of the slot comes in contact with the pin 
of the lever, when the load is taken entirely off the beam. 
That being accomplished, the connecting rod descends, 
when the load is again laid upon the beam and left 
suspended with a vibratory motion for some seconds, until 
the remainder of the stroke is completed, when the 
connecting rod again rises for the succeeding lift. In 
tliis way the weights are lifted off and replaced alternately 
upon the beam at the rate of seven to eight strokes per 
minute. The apparatus was worked night and day by 
a water-wheel, and the number of changes registered 
by the counter attached to the vertical post at G. 

The girder subjected to vibration in these experiments 
was a wrought-iron plate beam of 20 feet clear span, and 
of the following dimensions : — 
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inches. 

Area of top, 1 plate 4 Inches x ^ inch . . . 2-00 
„ 2 angle-irons 2 x 2 x -f^ . . . 2-30 

4-30 

Area of bottom, 1 plate 4 inches x ^ inch . . 1*00 
„ 2 angle-irons 2 x 2 x ^^ . . 1*40 

2-40 

Web, 1 plate 15^ x^ 1'90 

Total sectional area 8*60 

Depth * 16 inches. 

Weight 7 cwt. 3 qrs. 

Breaking-weight (calculated) . . . . 12 tons. 

The beam having been loaded with 6643 lbs., equivalent 
to one-fourth of the ultimate breaking-weight, the experi- 
ment commenced as follows : — 



TABLE n. 

BXFBBUCXNT ON A. WBOUOHT-IfiOX BeAX WITH A CHANGING LoAD EQUIVAUKNT 
TO ONE-FOUBTH OF THE BbEAKING-WEIOHT. 





Number 


Deflection 




Date. 1860. 


of changes of 


produced by- 


Kemarks. 




loarl. 


load. 




March21 . , 





017 




,, 22 . . 


10,540 


0-18 




„ 23 . . 


15,610 


016 




„ 24 . . 


27,840 





Strap loose, and Mled to lift 


„ 26 . . 


46,100 


016 


the weight 


,, 27 . . 


57,790 


017 




„ 28 . . 


72,440 


017 




„ 29 . . 


85,960 


017 




„ 30 . . 


97,420 


0-17 




„ 31 . . 


112,810 


0-17 




April 2 . . 


144,350 


0-16 




„ 4 . . 


165,710 


0-18 




„ 7 . . 


202,890 


0-17 




„ 10 . . 


235,811 


0-17 


- 


„ 13 . . 


268,328 


017 




„ 14 . . 


281,210 


0-17 




„ 17 . . 


321,015 


0-17 




,, 20 . . 


343,880 


0-17 


The strap broke 
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TABLE IL—tmiiittued. 





Kembv 


Biii^iKPii 




IIMs,l«iL 


or«dttii««$M| 


Fnntaeidlv 


Benuu^x. 




ML 






jLfnl 25. . 


3^0,430 


017 




. 27. , 


4GS.2&1 


0-16 


^1 


„ u. . 


41?,»« 


16 


■ 


Wmf I . . 


449.230 


0-16 


■ 


; 3. . 


*68,eoo 


016 


■ 


*, e* * 


4S9.769 


016 


■ 


.. 7- - 


fll2.lSl 


O^lfl 


■ 


,. 9, . 


5S6,355 


0-16 


■ 


„ 11 . . 


£«0,dS9 


016 


■ 


^ 14- . 


496.7W 


0*16 


1 



f 

I 



The beam having andergone above half a miUio&l 
changes of load^ by working continuously for two monthly I 
night and day, at the rate of about eight changes perl 
minutej without producing any visible altei^tion, the h 
was increased firom one-fourth to two-sevenths of 
statical breaking- weight J and the experiment proceeded' 
with till the number of changes of load reached a miliioiL 

TABLE TTT , 
ExFKRfHijrr oOf thb same. Bkam with a Load BQuiTAutMr to Two-Pfirojiui 





KoiDber 


Deflectiaa 


1 


Date^]«6(K 


(if f^UHUM fit 




Remain , 


Mat 14 . . 





0^22 


In this Table tbe tivmh& 


.; 15 . . 


12,623 


0-22 


of changes of load is counted 


,. 17 . . 


36,417 


0-22 


from 0, iilthougb the hum 


,, 19 , . 


53,770 


021 




M 22 - - 


85,820 


0-22 


590J90 c}mngm, ne showu 


i» 26 . , 


128,300 


0-22 


in tlie pMC«i£g TAble, 


,, 29 - . 


161,500 


0-22 




,, 31 ^ . 


177.O00 


0-22 




jQue 4 . . 


194,500 


021 




p, 7 . . 


217.300 


0^21 




. . * 


236,460 


0-21 




. 12 . . 


264,220 


0-21 




.. 16 * , 


292,600 


0^22 




» 25 . . 


375,6^0 


0.23 


( At tbb point th« opi»- 


„ 26 , , 


403,210 


0-23 


J tioJi3 were suspended, the ' 
^ bodtn b^Ttog sulfertd « oil- 
lioo duuigieis of lojid. 
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The beam had now sustained one million changes of 
load without any apparent injury ; it was then considered 
necessary to increase the load to 10,486 lbs., or two-fifths 
of the breaking-weight, when the machinery was again 
put in motion. With this additional weight the deflections 
were increased, with a permanent set of '05 inch, from '23 
to '35 inches, and after sustaining 5175 changes, the beam 
broke by tension a short distance from the middle. It is 
satisfactory here to observe that during the whole of the 
1,005,175 changes none of the rivets were loosened or 
broken. 

TABLE IV. 
Beam Kepmbed. 

The beam fractured in the preceding experiment was repaired by re- 
placing the broken angle-irons on each side, and putting a patch over 
the broken plate equal in area to the plate itself. Thus repaired, a 
weight of three tons was placed on the beam, equivalent to one-fourth 
of the breaking-weight, when the experiments were again continued as 
before. 



Date. 


Number 

of changeg of 

load. 


Deflection 

in 

inches. 


Permanent 

set, 
in inches. 


Bemarks. 


1860 
August 9. . 


158 







The load during these 
changes was equivalent 
to 10,5001bs., or 4-6875 
tons at the centre. With 
this weight the beam 
took a large but un- 
measured set. 


Aug. 11 . . 
,, 12. . 


12,950 
25,900 


0-22 


„,l 


During these changes 
the load on the beam 
was 8025 lbs., or 3*58 
tons. 


Aug. 13 . . 
„ 16 . . 
„ 20 . . 
„ 24 . . 
„ 25. . 
„ 31 . . 


25,900 

46,326 

71,000 

101,760 

107.000 

135,260 


018 
0-18 
018 
0-18 
018 
0-18 







0-01 


Load reduced to 2*96 
tons, or ^th of the 
breaking-weight. 



X 2 
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TABLE TV.—€ontmtied. 





Ifmnber 


Deflection 


Pennanent 




Bate. 


of changet of 


in 


set. 


Remarks. 




kMMl. 


inches. 


in inches. 




! 

1860 










Sept. 1 . . 


140,500 


0-18 


001 




„ 8 . . 


189,500 


018 


0-01 




„ 15 . . 


242,860 


018 


001 




„ 22 . . 


277,000 


018 


001 




„ 30 . . 


320,000 


018 


001 




Oct 6 . . 


375,000 


018 


001 


• 


„ 13 . . 


429,000 


018 


0-01 




» 20. . 


484,000 


018 


001 




» 27 . . 


538,000 


018 


001 




Not. 3 . . 


577,800 


018 


001 




» 10 . . 


617,800 


018 


001 




„ 17. . 


657,500 


018 


0-01 




„ 23 . . 


712,300 


0-18 


001 




Dec. 1 . . 


768,100 


0-18 


0-01 




„ 8 . . 


821,970 


018 


001 




„ 15. . 


875,000 


018 


001 




,, 22. . 


929,470 


018 


001 




„ 29 . . 


1,024,500 


018 


001 




1861 










Jan. 9 . . 


1,121,100 


0-18 


OOl 




„ 19 . . 


1,214,000 


018 


0-01 




„ 26 . . 


1,278,000 


018 


001 




Feb. 2 . . 


1,342,800 


0-18 


0-01 




» 11 . . 


1,426,000 


018 


001 




„ 16 . . 


1,485,000 


018 


0-01 




„ 23 . . 


1,543,000 


018 


001 




March 2 . . 


1,602,000 


0-18 


001 




„ 9 . . 


1,661,000 


0-18 


O'Ol 




„ 16 . . 


1,720,000 


017 


001 




„ 23 . . 


1,779,000 


017 


001 




„ 30 . . 


1,829,000 


0-17 


001 




April 6 . . 


1,885,000 


017 


001 




,, 13 . . 


1,945,000 


0-17 


0-01 




,, 20 . . 


2,000,000 


0-17 


001 




„ 27 . . 


2,059,000 


0-17 


0-01 




May 4 . . 


2,110,000 


017 


001 




„ 11 . . 


2,165,000 


017 


0-01 




» 20 . . 


2,250,000 


0-17 


0-01 




Sept 4 . . 


2,727,754 


0-17 


0-01 




Oct 16 . . 


3,150,000 


0-17 


0-01 





*; this point, the beam having sustained upwai 
•lion changes of load without any increase < 
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fleoiaon or permanent set, it was assumed that it might have 
<5oixtinued to bear alternate changes to any extent with 
^e same tenacity of purpose as exhibited in the foregoing 
T«,l)le. It was then concluded to increase the load from 
^^^^fourth to one-third of the breaking-weight; and 
h^-ving laid on four tons, which increased the deflection 
"^^ '20 inch, the work was proceeded with in the same 
^^<ier as in the previous experiments. 



TABLE V. 



Date. 


Changes 
of 
load. 


Deflection, 

in 

inches. 


Peimanent 

set, 
in inches. 


Remarks. 


1861 
Oct. 18 . . 

„ 19. . 
Kov. 18 . . 
Bee. 18 . . 

1 1862 
I Jan. 9 . . 




4,000 

126,000 

237,000 

313,000 


0-20 
0-20 
0-20 
0-20 


0- 


Broke by tension across 
the bottom web. 



From these experiments it is evident that wrought-iron 
girders of ordinary construction are not safe when sub- 
mitted to violent disturbances with a load equivalent to 
one-third the weight that would break them. They, 
however, exhibit wonderful^ tenacity when subjected to 
the same treatment with one-fourth the load ; and assu- 
ming that an iron girder bridge will bear with this load 
12,000,000 changes without injury, it is clear that it 
would require 328 years, at the rate of 100 changes per 
day, before its security was affected. It would, however, 
be dangerous to risjs: a load of one-third the breaking- 
weight upon bridges of this description, as according to 
the last experiments the beam broke with 313,000 changes ; 
or a period of eight years, at the same rate as before, 
would be suflScient to break it. It is more than probable 



310 EFFECT OF IMPACT, VIBkATOBY ACTION, ETC., 

that the beam might have been injured by the previous 
three million changes to which it had been subjected; 
and assuming this to be true, it would then follow that 
the beam was progressing to destruction, and must of 
necessity at some time, however remote, have terminated 
in fracture. 

The experiments throw considerable light on this very 
intricate and very important subject. They are probably 
carried suflSciently far to enable us to state with certainty 
what is the safe measure of strength; and as much 
depends upon the qualify of the material and the skill 
with which the girders are put together, it becomes 
necessary for the public safety that a measure of strength 
should be established without encumbering the structures 
with unnecessary weight. On this question it must 
be borne in mind that every additional ton that is not 
required beyond the limits of safety, is an evil that 
operates as a constant quantity tending to produce 
rupture ; and hence follows the necessity of a careful 
distribution of the material, in order that the tube or 
girder may be duly proportioned to the strains it has to 
bear, and that every part of the structure may have its 
due proportion of work to perform. 

It is assumed, for the sake of illustration, that every 
description of material, as regards its cohesive properties, 
will follow the same law in its deterioration under variable 
strain, when loaded in the same proportion of its ultimate 
powers of resistance. If this be true, we have only to 
follow the same rule as observed in the experiments, by 
loading cast-iron or wooden beams in the ratio of their 
cohesive powers of resistance, and their breaking-weights 
respectively. This has not been proved experimentally, 
but I hope at some future time to have an opportunity 
of extending the experiments, in order to determine to 
hat extent these views are correct. 
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The Lords Commissioners of Trade, in the exercise of 
their functions as conservators of the public safety, have 
adopted the rule that no railway bridge composed of 
wrought-iron shall exceed with its heaviest rolling load a 
strain of five tons per square inch of section upon any 
part of the bridge. The formula for this maximum of 
strain upon the* materials has been deduced from my 
own experiments on the model tube at Millwall. 

Assuming the top of the girder to be sufficiently rigid 
to prevent buckling by compression, the formula for the 
strength of the bottom section derived from these experi- 
ments is 

TIT _ «^^ 

where the constant c=80. 

Applying the formula to the beam experimented upon, 

we have 

a, the area of the bottom =2*4 inches, 

rf, the depth of the beam= 16 inches, 

c, the constant deduced from the model tube =80, 

Z, the span or distance between the supports =240 in. 

jj ^rjrr 2-4x16x80 .^OM 

Hence Vv = — = 1 2 '8 tons, 

the ultimate strength of the beam. 

In order to determine the strain per square inch in 
these experiments, we find 

^ = 4:ad' 

where S represents the strain per squure inch upon the 
section a, produced by the greatest load w, laid upon the 
middle of the girder. 

It is necessary to observe that in a girder properly pro- 
portioned, the greatest strain per square inch will take 
place upon the bottom section ; so that if the strain upon 
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the bottom section of such a girder be within the Govern- 
ment Commissioner's condition of safety the strain upon 
the top section will necessarily be within that limit aJso. 
In a girder having the cellular structure at its top section, 
the area of the top section should be very nearly once 
and a quarter that of the bottom section, or the areas of 
their sections should be respectively sua 5:4; and the 
strain per square inch upon these parts will be respectively 
inversely as their areas ; that is, the strain per square inch 
upon the top section will be |^ths of the strain per square 
inch upon the bottom section. In one of the foregoing 
experiments, we have 

Z, the length of the girder =240 inches, 
w, the weight laid on the middle =2*96 tons, 
a, the area of the bottom section = 2 '4 inches, 
d, the depth of the girder = 16 inches ; 

therefore S=-?^?,^-| =4-62 tons, 

4x2-4x16 

the strain per square inch on the bottom section of the 
girder. 

Applying this formula to the whole series of experi- 
ments, we obtain the following summary of results : — 
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TABL^ VI.— SUMMARY OF RESULTS. 

FmsT Sekies of Experiments. 

Beam 20 feet between the supports. 





Dmte. 


ill 

Ma 

'St 
^1 


In 

Is- 


^2, s* 




Eeinai-ka» 


r 


From Mdrch 211 










* 




■{ 


to May 14, } 
J860 . , J 


296 


696,790 


i*e2 


2-5$ 


17 




s[ 


From May Htol 
June 26, 1860/ 


3-50 


403,210 


5^6 


3-06 


'23 


Broke by t^jDsion 


'^ 


From July 25 to \ 
July 28, 1860/ 


4-68 


5,175 


731 


4-08 


'36 J 


&t a short distauoe 
from the centre of 
thfi beam. 



The number of 1,005,176 changes was attained before fracture, with 
varying strains upon the bottom fl^ige of 4*62 tons, 5'46 tons, and 7 '31 tons 
per square inch. 

TABLE VIL—SUMMARY OF RESULTS. 

Second Series of Expebdients. 

Beam repaired. 



4J 


BltBW 


E3 B 

ill 

^1 






SIS' 


I; 


BflZDOika. 














■ 


The Jipparatue 


4 


Augast 9, 1860 . 


4-68 


158 


7-31 


4'08 


— -< 


was accidentjdly 


6 


August llimdl2 
From AuguatT 


3-68 


25,742 


5*59 


312 


'22 




r 


13, 1860, to 1 
October 16, ( 
1801 . . J 

From October 1 
18, 1861, to I 
January 9, f 
1862 , , J 


2-90 


3,124,100 


4-62 


2-68 


■18 


Brokf^ by tension^ 
as bfjfore, close to 


'i| 


400 


313,000 


6*25 


3-48 


■2oJ 


the plate riveted 
GvH'T the prmouB 
fractare* 



Here the number of 3,463,000 changes was attained when fracture ensued. 
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From the foregoing it is evident that wrought-iron 
girders, when loaded to the extent of a tensile strain of 
seven tons per square inch, are not safe, if that strain i& 
subjected to alternate changes of taking off the load and 
laying it on again, provided a certain amount of vibration 
is produced by that process ; and what is important to 
notice is, that from 300,000 to 400,000 changes of this 
description are sufficient to ensure fracture. It must, 
however, be borne in mind that the beam from which 
these conclusions are derived had sustained upwards of 
3,000,000 changes with nearly five tons tensile strain on 
the square inch, and it must be admitted from the experi- 
ments thus recorded that five tons per square inch of 
tensile strain on the bottom of girders, as fixed by the 
Board of Trade, appears to be an ample standard of 
strength. 

As regards compression, we have only to compare for 
practical purposes the difference between the resisting- 
powers of the material to tension and compression, and 
we shall require in a girder without a cellular top from 
one-third to three-fourths more material to resist com- 
pression than to resist tension; and, as the strength of 
wrought iron in a state of compression is to its strength 
in a state of tension as about 3 to 4^, the area of the top 
and bottom will be nearly in that proportion, or, in other 
words, it will require that much more material in the top 
than the bottom to equalise the two forces. 

In the experimental beam the area of the top was con- 
siderably in excess of that of the bottom, it having been 
constructed on data deduced from the experiments on 
tubes without cells; which required nearly double the 
area on the top to resist crushing. In the construction 
of large girders, where thicker plates are used, this pro- 
portion no longer exists, as much greater rigidity is ob- 
Mned in the thicker plates, which causes a closer approxi- 
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ictation to equal areas in the top and bottom of the girder; 
i^^d from this we deduce that from one-third to three- 
V^urths, and in some cases one-third additional area in 
ite top has been found, according to the size of the 
girder, sufficient to balance the two forces under strain. 

The preceding experiments, however, were instituted 
bo determine the safe measure of strength as respects 
b^nsion, and it will be seen that in no case during the 
whole of the experiments was there any appearance of 
khe top yielding to compression. 

It will be observed that the summaries exhibit the 
strains per square inch on the top and bottom flanges 
without deducting the area of the rivet holes, and there 
being four ^-inch diameter in the bottom flange, two in 
each angle iron, and two in the plate, is equal to '625 
square inches, which reduces the area for tension from 2*4 
to 1*775 square inches. In the calculations I have not, 
however, made these deductions, in order that the experi- 
ments might compare with others where they have not 
teen taken into account. Under the conditions of re- 
duced area, it will be found that the strains per square 
inch upon the bottom flange, with the variable load, ac- 
cording to formula, will be as follow : — 
TABLE Vin. 



Number and Date of Experiment. 


Weight on 

Middle of 

Beam in Tons. 


Number of 
Clianges. 


Strain per 
square inch 
on bottom 
Flange in 
Tons. 


1st Experiment, May 14, I860 
2nd Experiment, June 26, 1860 
3rd Experiment, July 28, 1860 

Beam Be 

1st Experiment, August 9, 1860 
2nd Experiment, August 12, 1860 
3rd Experiment, October 16, 1861 
4tli Experiment, Januaiy 9, 1862. 


2-96 
3-50 
4-68 

'paired. 

4-68 
3-58 
2-96 
4-00 


696,790 

403,210 

5,176 

168 

26,742 

3,124,100 

313,000 


6-26 
7-39 
9-88 

9-88 
7-66 
6-26 
8-45 
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From Table VIII. it will be seen that the actual strain 
upon the solid plate was considerably increased. And 
the beam broke in the first series with a strain of nearly 
10 tons upon the square inch ; and in the second with a 
strain of 8^ tons, after sustaining 3,463,000 changes of 
load. Hence it may be inferred that a wrought-iron 
bridge would be perfectly safe for a long series of years, 
with a strain of 6 tons per square inch, or one-fourth the 
statical breaking weight. It is, however, evident firom 
these experiments that time is an element which enters 
into the resisting powers of materials of every description 
when subjected to a continued series of changes. These 
may be very minute, but assuming them to be of sufficient 
force to produce molecular disturbance, it then follows 
that rupture must eventually ensue. 
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ON SOME OF THE CAUSES OF THE FAILURE OF DEEP 
SEA CABLES.* , 

The author stated that the recent disaster and loss of 
the greater portion of the Atlantic cables is one of those 
casualties which may bQ considered national, and looked 
upon as a misfortune much to be regretted. It is, how- 
ever, suggestive of improvements, and the removal of im- 
pediments which seem to have beset the last attempt to 
submerge what was considered the best and most effective 
cable ever constructed for a durable telegraphic commu- 
nication between this country and America. 

The cable was unanimously selected by the scientific 
committee, to whom was entrusted a long series of experi- 
ments to determine its strength, and other chemical and 
electrical properties of the materials of which it was 
composed.! 

It will be noticed that the failure of insulation, sub- 
mergence, &c., is not an uncommon occurrence ; on the 
contrary, it has been estimated that out of about 14,000 
miles of cable that have been laid, nearly three-fourths of 
that length have been failures, and that at the present 

* Abstract of Mr. Fairbaim's report to the British Association, vide 
Eeport of the British Association for 1866, page 178. 
t Vide pages 244 to 289. 
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time not more than 4,000 to 5,000 mile^ are in successftJ 
operation. 

There are two things in marine telegraphy which 
require special attention, viz. the manufacture of the 
cable, and its submergence in deep water. In this in- 
quiry the author assumes the conducting wires, insular 
tion, and strength of the cable to be satisfactory, and 
nothing more remains to be done but to lay it quietly on 
the bed of the ocean. The recent loss of this cable, and 
the imperfect insulation of others, are, however, important 
lessons, which prove the necessity of the most vigilant 
inspection of every inch of cable as it is manufactured, in 
the first instance, and its careful preservation until it is 
safely deposited on its permanent bed, in the second. 
Every possible care was taken in this case ; but notwith- 
standing the precautions exercised by the manufacturing 
company, small pieces of wire on three different occasions 
were found sticking to the cable, and in contact with the 
conducting wires, which proved destructive of the insula- 
tion. These apparently trifling circumstances were the 
whole and sole cause of the loss the company and the 
public have sustained in the failure of this important 
enterprise. 

A voyage from the Nore to Valencia in July last 
— 1865 — presented opportunities for examining the big 
ship, with her machinery and valuable cargo. The pay- 
ing out machinery was perfect, as it proved itself to be, 
in regard to its powers for regulating the slack to be paid 
out at different depths, and the uniform degree of tension 
requisite to be observed in paying out the cable at great 
depths. 

Paying out a cable of considerable weight and strength 

from the coil seems to be surrounded with some diflScul- 

*^^^ the greatest of which is the danger of kinks arising 

« twist which it receives in being uncoiled. This 
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is the great objection to every description of cable paid 
Dut from the coil, as the tendency is to run into loops, 
such as shown at a, fig. 55, 
and this when submitted to Fig. 65. 

an amount of tension of not 
more than one-half its ulti- 
mate powers of resistance, 
would injure the insulation, 
and what is more than proba- 
ble, would ultimately destroy 

the conductivity of the cable. These are difficulties which, 
in this weight of cable and large diameter of coils in the 
tanks have been overcome. With a smaller cable (care- 
fully insulated) depending entirely upon the conducting 
-wires for its strength, it might be possible to wind it in 
lengths of 80 to 100 miles upon reels, and these neatly 
balanced in the hold of the ship, might be paid into the 
eea entirely free from kinks ; but in doing this it must ue 
observed that considerable risk is incurred of breaking 
the cable from the amount of friction to which the wheels 
would be subject when loaded with 80 miles of cable. 
Taking the whole conditions of these arrangements into 
account, it is not clear that the reels would be any im- 
provement upon the large coils in tanks, as adopted in 
the ' Great Eastern ' ship. In fact there is no other plan 
suitable for the paying out of the Atlantic cable of its 
present weight and dimensions but the coil. 

With regard to the ^ Great Eastern ' ship, he stated 
that she proved herself everything that could be wished 
for. Her easy steady motion was just what was required 
for paying out the cable, and its relief from undue strain 
by the absence of pitching, renders the ship exclusively 
calculated for the submergence of submarine cables in 
deep water. She is the very thing that is wanted for 
such a purpose, and he firmly believed, if she were pr* 
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perlv fitted and prepared for such a serrioe — ^with fioae 
additional stringers to strengthen the upper dedc ill 
sides* — she would find full employment aa a submeiga 
of cables in every sea which diyides the four quartenof 
the globe. She is admirably adapted for snch a purpoee, 
and her double engines, with screw and paddles, assist de 
steering, and afford great facilities for paying out and 
hauling in the cable, should accidents occur sudi as oto^ ' 
took the vessel in the middle of the Atlantic 

The author further remarked that the recovery of t 
lost cable is at all times a precarious operation, and die 
difiiculties which present themselves in the case of tk 
Atlantic cable, ai-e its large diameter and the friction of 
its external surface in passing through the water. If 
raised at all it must be at an exceedingly slow speed, and 
that Avith one end loose, otherwise he should despair of 
raising it from a depth of 2,100 fathoms, by hooking it in 
the biffht or middle, where the resistance would be 
doubled in raising two sides instead of one. 

SupjK^sing the cable to be hooked by the grapnel a few 
miles distant from the fracture, it will then be seen (if it 
is to be raised from a depth of 2^ miles) that the present 
cable would have to be lifted at an angle of about 45** on 
each side, or 3*18 miles of cable = 6'25 x 14 cwL (the 
weight of the cable in water), a weight of 4^ tons, or 
equivalent to more than one-half the breaking strain. To 
this dead weight must be added the friction of the two 
sides AB, AC, of the triangle abc, fig. 56, which will be 
as the squares of the velocities with which it is raised. 
What may be the additional amount of strain from the 
speed with which it may be drawn through the water it 

* Tho Author had been informed that the vessel had been weakened in 
those parts by cutting a longitudinal stringer on each side at midships to 
make room for the tanks, which on subsequent inquiry was found in- 
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is not necessary here to calculate, as it is obvious that 
at a rate of two miles per hour it would approximate 
close upon the breaking weight of the cable. 

Assuming, for the sake of calculation, the strain, in- 
cluding weight and friction, to be 6 tons, and as it re- 
quires a strain of 7| tons to break the cable, there is left 

Fig. 5fi. 




in reserve If tons, to carry the bight of the rope to the 
surface of the water. Now this is assuming that the cable 
has been paid out with as much slack as will enable it to 
be raised in the manner just described, but this not being 
^the case, any attempts at raising the cable after this 
method would break it. In order that it might reach the 
surface, the slack of 1,100 yards on each side would require 
to be taken up, and this could only be obtained by a drag 
for five miles, which would increase the resistance to such 
an extent as to fracture the cable. This is evident from 
the fact that the excess of cable paid out over the dis- 
tance run was 1210:1060, or 12^ per cent, of s^ 

Y 
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which is equivalent to dragging some miles of cable 
through the ooze or mud to make up the difference 
between the catenaries D, E, and ab, ac. 

According to this reasoning, it would appear that any 
attempt to raise the cable in this way would prove fruit- 
less unless some means were adopted to cut it at the 
point N on the American side, and haul in by a second 
grapnel, which would hold fast until the cable was 
brought to the surface. 

Since the above was written, the author has been in 
communication with the engineers and others connected 
with the Construction and Maintenance Company, who 
are now constructing an entirely new cable similar to that 
of last year, excepting only that the wires are galvanized, 
and the hemp covering is not saturated with tar. This 
new cable will be attached to the shore ends at Valentia 
and Newfoundland; and should this expedition be suc- 
cessful, the ^ Great Eastern ' and her two consorts will be 
enabled to return to the spot where last year's cable 
parted, and by the usual means of grapnels to fish it up, I 
and splice to it as much of the new cable as will carry it 
forward to Newfoundland. Thus it is confidently ex- 
pected that two cables will be the important result of this 
year's undertaking. Considerable difference of opinion 
appears to exist as to the ultimate success of these critical 
operations, but as every precaution is taken in having 
improved machinery for picking up and hauling in, under 
the direction of Mr. Canning, the Construction and Main- 
tenance Company's engineer, the prospect of success is 
much more encouraging than at any former period in the 
history of this important enterprise. It is, moreover, in- 
tended to employ two more vessels with proper apparatus 
for grappling the cable in three places about one or two 
miles apart, in order to relieve the strain, and to hold on 
by buoys until the cable is cut and hauled on board. 
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APPEXDIX. 



We are tiow^ — Seiitember 1866 — in a position tosttte 
til at the cable of lai?t jear hm been recovered, and is suo* 
oeBsfully at v?ork between Valentia and Newfoiindbni 
The means adopted for that purpose is somewhat simllir 
to that air end V described, three vessels being employed 
instead of two, as may be roughly shown in the diagram 
fig. 57, whieli indicates the series of lifts which took 
place. 

This nearly agrees with the report of the Times Cor- 
respondent^ who describes the process by which it wa* 
grappled aiid raised to the surface.* The recoyery of 



* It miiet be remembered tHat from repeated sonjidingR taken ior ^ 
purpr>se& of the telegmph, no otwan bed i« so T?ell known to us a» (Jv 
bottom of the Atl&iJtic» Where tbo cubl© was grappled for it is cur^ 
irith a soil coiDpo»ed literally of minute ghells of th© diatomtieaM triU^ Kt 
rainute, in fact, as t^ be only Tisihle under a nikroscope, and eo fine iu 
their organiiiation as to prore that tiot the Elightest motion can exist at 
thoso depths, for otherwiso their delicate formiition would be df'stPDjai 
On these the cable bus laid hsmnleegly as on a bed of earid, and tlie grap- 
nel b at once caught it. The * Groat Eastern ' und thfl ' Med way * did aot arriift' 
on the aenrehiHj^ gronad till the 12tli of the munth, and, aft.er prelimiWAij 
aiTangE^ments kid been made for the working in concert, the * Groat Eastern' 
on the evening of the 16th, caught and raised the eable moTO thau ^^ 
fathoms. In the act of buoying it the buoy rope sg^in slippi^d^ and it *&fi 
again lofit On the second day she caugbt it again, and this tim& brou|lit 
it tjQ the surface. In the act of hringing it over tha bows the gi*pfl*^ 
surged, and the wirfi again plwugetl down to its resting phiee, three mil* 
beneath the ships. Once more within two days, it wa» raised by the *Omi* 
Extern," while the ' Albany ' to the west eaught and broke it, and all llw 
work had to be begun again. On the 26th, the * Midway ' cttu|;ht it aiwi 
brought it up one thousand fathoms, tf hen, the sea being rough, and the stram 
on the grapnel guddt^n and violent from the pitehing of the ^^easel, tho rop« 
hpoken On the evening of the same day» however, the *Albaay * caught it 
again and brought it to tlie Biirface, and the * Gnpat Eiistern.' to make »s* 
flOTiinco doubly sure, got two miles of it on hoard and securely buoyed wti*t | 
was outside the vpHseL The work of making the splice at once commeacRl 
but not where the wire was fattened to tho buoy. The ' Gr«at Enfitem,* ^ 
the contrar}^ under- ran the wire to a coDf^iderable distance to the east, & 
order to get rid of the tangle in which iJie different huoya and grapel 
ropaa must hav* involved its Wastarn extremity. After thia necessary ftQ- 
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this cable from such immense depths may be considered 
one of the most successful triumphs of marine engineering 
ever accomplished^ and we may safely congratulate the 
Construction and Maintenance Company and their engi- 
neers on this fortunate event. 



cess, some eighty miles of the wire were abandoned. The * Great Eastern ' 
has now (Wednesday) about four more days' steaming to bring her safely 
into Heart's Content Bay. Already she has passed the deepest water on her 
route; in fact the veiy deepest water she can encounter was that from 
which she raised the cable of last year. All fear, therefore, as to the safety 
of the line may be considered at an end, and by Sunday next at latest, the 
shareholders will be in possession of two perfect lines. How much they 
may be congratulated on this may be iguessed from the fact that their 
present line, which is steadily increasing in its returns, is already earning 
money at the rate of 900,000^. a year. If there be any one individual to 
whom more than another the chief credit of the enterprise belongs, it is 
certainly Mr. Glass. On him have mainly fallen the labour and the lose, 
and to him is due the honour of success. 
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HaoB iind tbe Strength of Mati^-rialsH, and Lectntas on Fopnlar £4ucuition an,i3 -Marions 
BabJBcta connected with Mc<!baniciil EDgiDjeerin^f, Iron Sbip-baiHlngj, the Proportiea 
of Steam, Jic. With Plntei and KmBoroaa Woodcuts. Crown 8va. Frioo U)$, 6^. 



* AMi. Mt-« FiURtL4iREr'Bpapermiz« written 
In « dear and popular atf Ic. and, oi far as 
pbaelble, diverted of mechanicnl technt- 
c^ltXePi, BO that they may l)e rt^} with 
iHtarieit not only by amatcni orprofesffional 
englnecra, bat bj the Eeneml poblio. Mndh 
of the inforiDatton conveyed poas^jses a 



wider application than ie suggested by th£ 
tttJie, and the work is irally an attractive 
one eyen to the oriimary reader. «.^ It Ik 
not too t(K.'hnlcal nor at^truse, and may bt; 
reeid with ploBsnro find pro At by all who 
take an lnte»»t in either civil or mechar^ 



A Treatise on nils and MiUwork. 



Sti^i^ml Button ^ carofnlly reTisedt of both Vulumeg. Vol, I. The Prindpl^a tif 
MechaniMm and Prune M&uers ; with % Fiatea and Ud WoodiJUtti. YoL. U. Machinery 
of Trfijuminian^ ami the Citnttruction attd Arfang^.ment a/ Afilis; with 10 Flates and 
140 Woodcntfl. 2 volt Svo. Ftice Ms. cloth, or aeparateli?' 1 Us, each rolmne. 



* Tiiia valuable work le tiow complete, 
and wo dotibt not that it wUl rcoeivQ from 
ai^tseia the leoeptlon to wbifih ita merits 
fttDf entitle It. It i» a book which no 
eBginocr's UhiaTy should be without.' 

*Thb whole jMib]eet ii jo ablvand sys- 
tematieally fcroated that we heUcve there 
jji no qncstion connected with mill work 
upon which the pr4ictiC4il man ifl llkijly to 
require inform ation^ that he will not flnd 
fqlly elucidciteil in Itr. FAtnfiAiRi^'ei work* 
It lit a work which commends itself to all 
engaged in the etigineerbig profB^abn/ 
HixiNO JotrnMAJn 

* Thk entira work forms a most valqable 
book of rsferenoe. The engineer, even if 
Inejcpcrienced in the oouBtrtiction of aiiy 
particular tilaan of machinsy* need nerer 
bo at a lo«H for the cortect aalutlon of a 
mlnnte question of detail. The tables tn- 
ttsnperHed givti the Hpecda of all the ma- 
ChiD^ tl-eai^ of, Tmm tbe fimaUetut bo the 
lazjp^; while general informaUon iaput 
hmma iha reader In a pleasing and aocettiblo 
torm. W<a tionllally recommend the book 
to the mechanical engineer as Qne of the 
beet of ita kind.' 



As the moflt Buccesflfiil and most eiten- 
sive maHter-millwrigbt in the world, Mr. 
FAtOBAiltv had done ^H}d sonice to the 
profession of engineering by the pnbli{:a> 
tfoii of this work. The snbJBct is one on 
whloh there haA been a Rlngular dearth of 
published tnfamiation ; most other ixapor- 
tant branches of cngtueering have been 
treated at length by mora or lesa at^^le 
authors, hot the mysteries of the mill- 
wTipht^i5r,raf& have been hitherto preaervud 
mainly in oral traditions ami empirfml 
niJoa. Ho fitter person than Mr, FAln- 
BAiitN could have heeu fomid to give this 
boating Itirctrmation a Ahape. CominenC' 
inp his work a^ a millwright some fifty 
years ago, be found the practice of mUl- 
work in a most primitiyf? condition* By 
the application of ntw principles, by the 
concentration of motive power, the snbf^i- 
tntidn of east-iron wbeol-work for the old 
and cnmlsrous forms of wooden gear, the 
impruveraent of water-whei^l« by the tn- 
Tentioo of ventilating bucketSt the use of 
the Hteam-engine as a prime mover, and 
la.-st, Dat l«ist, the Introd action of wronght- 
iron shafting of amati diameter^ he brought 
about jnst such a revolution in the mill- 
wright'B art as the increaMug commercial 
activity of bJfl time d)emnnded/ 

JOLTRNAl. Cf SCIENCC, 
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Works by the same Author. 



On the Application of Cast and Wrought Iron to 
BuildJiig Purposes. 

Third Edition, greatly enlarged, with Corrections and Additions. To which is 
added a Short Treatise on Wrought Iron Bridges, with Additions, &c. With 6 Plates 
and 118 Woodcnts. 8vo. price 16«. 



* This work, which is entirely of a prac- 
tical character, has been carefully reyised 
by the Author. The new edition com- 
prises, in addition to its former contents, 
an aoooont of the most recent improve- 
ments in flre-proof buildings, the employ- 
ment of wrought-iron iuHtcad of cast-iron 
beams, and experimental researches on 



the effects of vibration on beamiv, girders, 
and bridges. The new Appendix includes, 
amongst other papers, an account of the 
Bridge intended to cross the Rhine at 
Cologne ; followed by some remarka on the 
fall of a Cotton Mill arising from defective 
beams and defective construction. 



Iron Ship Building : 



Its History and Progress, as comprised in a Series of Experimental Researches on the 
Laws of 3train ; the Strengths, Forms, and other conditions of the Material ; and an 
Inquiry into the Present and Prospective State of the Navy, including the Experi- 
mental RcKults on the Resisting Powers of Armour Plates and Shot at Eigb 
Velocities. With 4 Plates and 130 Woodcuts. 8vo. price 18». 



* Thw is a complete history of the rise 
and progress of Naval Construction from 
the time when IiioN was first employed 
for that purpoTO. Ah a work of reference 
and instruction to Shipbuilders, it is the 
most comprehensive and practical ever 

published It is a Cyclopaedia of facts, 

flgurcH, and theories on ship-bnildinff in 
<^very branch, including even cupola ships i 
and their armaments.' i 

Shipping Oazettk. ' 

' Mr. Fairraikn'8 treatise l)cprins with 
an historical sketch of the proKress of 
naval construction since Iron was first 
us<xi for that purpose. It then treats 
fully of the law of strains, properties of 
the material, and how it should be jointed 
to niec't the force of wind and sea. This 
part of the work includes experimental 
researches on cellular construction, with 
a view to the construction of unsinkable 
shi|)s. The comparative merits of wood 
and iron in ship-building,'; the peneral 
(piestion of the difTcrcnt forms of the con- 
struction of ship^ of wiir ; the questions of 
ordnance; and its trials In-fore the Irou- 
phitt' Corninittee; properties of iron 
urniour plates; and their resistance to 
sliot and shell are (lien successively dis- 
ru-sfd. Next follows a treatise on the 
liiildinu' of litoN Siiii's. and th(f book ends 
.ith ice;i|»il Illations. Mr. Tatk adding a 
;-.iii-e (.11 the stren}_'th of materials con- 
-i'lercil ill relation to the construction of 
ir-.ii >iiii,s.' Examiner. 



*A work on the subject of iron-ship 
building from such a pen as that of Pro- 
fessor FAiRBAiiiN, is calculated to excite 
interest in this part of the world, where 
that department of industry is, we may 
safely say, the most important and wide- 
spi-ead branch of manufacture. The 
volume before us has already been acknow- 
ledged by practical men to be the most 
comprehensive and valuable ever published. 
After a brief account of the rise and pro- 
gress of iron-ship building from 1 812 (when 
it was applied to canal boats), to the 
present day, when it has culminated in 
the Great Eastern, the Professor goes deeply 
into the subject-matter of the work, 
dividing the latter into fourteen chapters, 
seven of which are devoted to the con- 
struction of ships of war and the replstancc 
of armour plates to projectiles ; the letter- 
press being profusely illustrated by draw- 
ings. Nothing can be of greater import- 
ance to the profession for whom the 
treatise is intended than the remarks 
upon the law of strains, the jointing of 
iron plates, the form of joints, and the 
comparative merits of iron and composite 
ships. We hope we have now paid enough 
to show the value of this contribution to 
scientific literature, in which the Author 
pays a high and well-merited tribute to 
tlie Clyde ship-builders for their energy 
and enterprise in this branch of trade.* 
Greenock Advbrtiskb. 
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